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Court of Appeals of the District of Columbia 

— 

No. 5762. j 

Henry L. Doherty, Appellant, 

vs. 

Thomas E. Robertson, Commissioner of Patents. 

a Supreme Court of the District of Columbia. 

In Equity. 

No. 51214. 

Henry L. Doherty, Plaintiff, 

vs. 

Thomas E. Robertson, Commissioner of Patents, 

Defendant. 

United States op America, 

District of Columbia, ss: 

Be it remembered, That in the Supreme Court of the Dis¬ 
trict of Columbia, at the City of Washington, in said Dis¬ 
trict, at the times hereinafter mentioned, the following 
papers were filed and proceedings had in the above-entitled 
cause, to wit: 

1 Bill. 

Filed March 31, 1930. 

In the Supreme Court of the District of Colombia. 

In Equity. 

No. 51214. 

Henry L. Doherty, Plaintiff, 

vs. 

Thomas E. Robertson, Commissioner of Patents, 

Defendant. 

The Plaintiff states as follows: 

1. The Plaintiff, Henry L. Doherty, is a citizen of the 
United States and a resident of New York City, in the 
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County of Xew York and State of New York and brings this 
suit in his own right. 

2. The defendant, Thomas E. Robertson, is the Commis¬ 
sioner of Patents of the United States, a legal resident of 
the District of Columbia and is sued as Commissioner of 
Patents of the United States. 


3. This bill is filed in accordance with the provisions of 
the Federal laws of the United States as provided for under 
the Revised Statute 4915. 

4. The Plaintiff, Henry L. Doherty, filed an application 
for a patent in the United States Patent Office entitled 
Method of Recovering Oil from Oil Sands on Februarv 12, 
1927 which was given the Serial Number 167,865. 

5. The said application was tiled in accordance with the 
laws of the United States and the Rules of the Patent Office. 

6. The said application has been duly prosecuted in ac¬ 
cordance with the laws of the United States and the Rules 
of the Patent Office. 

7. The said application has been acted upon by the Pri¬ 
mary Examiner who refused to allow the following claims: 


2 1. A method of obtaining oil from oil fields com¬ 

prising forcing a liquefied mixture of butane and pro¬ 
pane saturated with hydrocarbon gas into an oil stratum, 
and recovering oil from the stratum at a point remote from 
the point of introduction of the mixture into the stratum. 

2. A method of obtaining oil from oil fields comprising 
forcing a liquefied mixture of butane and propane saturated 
with hydrocarbon gas under high pressure into an oil stra¬ 
tum under a relatively lower pressure, and recovering oil 
from the stratum at a point removed from the point of in¬ 
troduction of the mixture into the stratum. 

3. A method of obtaining oil from oil fields comprising 
forcing a liquefied mixture of butane and propane saturated 
with hydrocarbon gas under high pressure into an oil stra¬ 
tum, and recovering oil from the stratum at a point of rela¬ 
tively low pressure. 

4. A method of obtaining oil from oil fields comprising 
forcing a liquefied hydrocarbon substance consisting of bu¬ 
tane and propahe with gas in solution under high pressure 
into an oil stratum and withdrawing oil from the stratum 
at a point of relatively low pressure. 
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5. A method of obtaining oil from oil fields comprising 
forcing a mixture of hydrocarbon constituents having a 
molecular structure including less than six calrbon atoms 
into an oil stratum and recovering oil from the stratum. 

6. A method of obtaining oil from oil fields comprising 
forcing a liquefied mixture of hydrocarbon constituents hav¬ 
ing a molecular structure including less than six carbon 
atoms into an oil stratum and recovering oil from the stra¬ 
tum. 

7. A method of obtaining oil from oil fields comprising 
forcing a gas-saturated liquefied mixture of hydrocarbon 
constituents having a molecular structure including less 
than six carbon atoms into an oil stratum and recovering 
oil from the stratum. 

8. A method of obtaining oil from oil sands comprising 
introducing into the stratum in the earth containing oil a 
liquid hydrocarbon mixture having a gravity viscosity and 
surface tension lower than gasoline and withdrawing oil 
and the liquid mixture from a portion of the stratum differ¬ 
ent from that in which the liquid mixture is introduced. 

9. A method of obtaining oil from oil fields comprising 
introducing under pressure into the stratum containing the 
oil a hydrocarbon liquid which contains more than 100 vol¬ 
umes of gas in solution per volume of liquid, cjlriving the 
liquid mixture, gas and oil through the sands to an outlet 
and withdrawing the mixture of oil, gas and liqujid mixture 
through a well different from that in which the liquid mix¬ 
ture and gas are inserted into that stratum. 

10. A method of obtaining oil from oil fields (Comprising 
forcing under pressure a mixture of hydrocarbo^ constitu¬ 
ents having a molecular structure each less than six carbon 
atoms and containing many times its volume of gas in solu¬ 
tion into one portion of a sand stratum containing oil 

3 and recovering oil, hydrocarbon liquid and gas from 
the oil stratum at a point removed from tlie point of 
introduction of the mixture and gas into the stratum, said 
point being of relatively lower pressure than the point of 
introduction of the mixture into that stratum. 

11. The process of recovering oil from oil-bearing strata 
consisting in subjecting the oil-bearing strata to the action 
of a hydrocarbon gas saturated liquid propane-butane mix¬ 
ture introduced under pressure into the strata whereby the 
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oil in the strata is subjected to the motivating action of 
both liquid and gas. 

Which he finally rejected in accordance with the Rules of 
the United States Patent Office. 

8. The applicant appealed from the decision of the Pri¬ 
mary Examiner to the Board of Appeals who affirmed the 
rejection of the Primary Examiner in their decision dated 
October 3, 1929. 

9. The Commissioner of Patents by the Board of Ap¬ 
peals contends that the method for conserving natural gas 
and oil which is shown in the reference Wright, United 
States patent 1,101,605 dated June 30th, 1914, patentably 
anticipates the .method of recovering oil from oil sands 
called for by the applicant’s claims, and that there is no 
invention defined in applicant’s claims over the disclosure 
of the said Wright patent. 

10. The applicant disagrees with these contentions of the 
Commissioner of Patents and contends that the method for 
conserving natural gas and oil which is shown in the refer- 
once is not readable on, nor does it patentably anticipate, 
the method for recovering oil from oil sands which is called 
for by the claims, and that there is an invention in recover¬ 
ing oil from oil sands in the manner specified by each of 
the claims. 

11. The Plaintiff further states that the said invention is 
new and useful and was not known or used bv others in this 
country before his invention thereof and not patented or 
described in any printed publication in this or any foreign 

countrv before his invention thereof, or more than 
4 two years before his application for patent therefor, 
and not in public use or on sale in this country for 
more than two years before his application and not pat¬ 
ented in any country by him or his legal representatives on 
an application filed more than twelve months prior to his 
application for United States patent, and not abandoned. 

12. The jurisdiction of this court depends upon the pat¬ 
ent laws of the United States, this being a suit in equity 
under Section 4915, Revised Statutes (Comp. Stats. 9460; 
U. S. C. Title 35, Section 63), as amended by act of March 
2, 1927, to secure an adjudication that plaintiffs are en¬ 
titled to receive a patent for the invention as specified in 
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the rejected claims hereinafter referred to or for any part 
thereof, as the facts in the case may appear, hnd that the 
defendant be authorized to issue such patent. 

Under the provision of said act of March 2, 1927, the 
said decision of the Board of Appeals of the Patent Office 
constitutes a refusal by the Commissioner or Patents to 
grant a patent on said invention as defined by said claims 
1 to 11, inclusive, and no appeal has been taken from the 
decision of the Board of Appeals to the Court of Customs 
and Patent Appeals and no such appeal is pending or has 
been decided. Said decision of the Board of Appeals was 
delivered on or about October 3, 1929, and wijhin the six 
months last past, and notwithstanding the said! decision of 
the Board of Appeals, the plaintiff applicant is entitled to 
receive a patent for the improvement aforesaid constitut¬ 
ing the subject-matter of said claims. 

Wherefore the plaintiff prays the Honorable Court: 

First, to adjudge and decree that the plaintiff is the true, 
first, original and sole inventor of the improvement set 
forth in the said claims 1 to 11, inclusive, Hereinabove 
recited. 

5 Second, to adjudge and decree that the plaintiff is 

entitled according to law to receive a patent for the 
invention specified in and covered by said claims 1 to 11, in¬ 
clusive, or for any part thereof, as the facts in tlje case may 
appear. 

Third, to authorize and direct the Commissioner of 
Patents to issue to plaintiff Letters Patent of the United 
States embodying said claims 1 to 11, inclusive, upon the 
filing in the Patent Office of such adjudication and upon 
compliance with the recpiirements of law in such cases 
made and provided. 

Fourth, that the plaintiff have a writ of spbpena ad 
respondendum of the United States of America jlirccted to 
said Thomas E. Robertson, as Commissioner ojf Patents, 
commanding him on a dav certain therein to be named to 
appear and answer to this bill of complaint, but not under 
oath, an answer under oath being expressly waited, and to 
abide by and perform all and singular such orders and de¬ 
crees in the premises as to this court which se^m proper 
and conformable to the principles of equity and good con- 
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science; and that the plaintiff have such other and further 
relief as may be just and proper. 

And your orators, as in dutv bound, will ever prav. 

HENRY L. DOHERTY, 

Plaintiff. 

EDMUND G. BORDEN, 

Counsel for Plaintiff. 

J. AUSTIN STONE, 

Associate Counsel for Plaintiff. 

County of New York, 

State of New York, ss: 

On this 24th day of March, 1930, personally appeared 
before me tho above-named Henrv L. Dohcrtv, the Plaintiff 
named in the foregoing bill and being duly sworn did 
6 depose and say that lie has read the foregoing bill 
and that the same is true to the best of his knowledge 
and belief. 

[seal.] THOMAS H. FAIR, 

Notary Public, Kings County. 

Commission expires March 30, 1932. 

Answer to Bill. 

Filed April 18, 1930. 

**•**#• 

To the Honorable the Judges of the Supreme Court of the 

District of Columbia: 

1. Defendant answering the Bill of Complaint admits for 
the purpose of this suit the allegations of paragraph 1. 

2. Defendant admits that as Commissioner of Patents 
his official residence is in the District of Columbia and that 
his legal residence is in Chew Chase, Maryland. 

3. Defendant admits that this Court has jurisdiction 
under Section 4915 R. S. (35 U. S. C. A. 63). 

4. Defendant admits that plaintiff, on February 12, 1927, 
filed an application for patent in the United States Patent 
Office, to which was given Serial No. 167.865. 

5. Defendant admits the allegations of paragraph 5. 

6. Defendant admits that the said application was duly 
prosecuted in accordance with the laws of the United States 
and the Rules of the Patent Office. 

7. Defendant admits that the examiner acted upon the 
application and refused to allow the claims recited in para- 
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I 

graph 7, which claims were finally rejected in accordance 
with the Rules of the Patent Office. 

8. Defendant admits that the applicant appealed 

7 from the decision of the primary examiner to the 
Board of Appeals, who affirmed the decision of the 

primary examiner. 

9. Defendant admits the allegation of paragraph 9. 

10. Defendant admits that plaintiff contends that the 
said claims are patentable but defendant denies that the 
claims are patentable to plaintiff in view of tjie patent to 
Wright, 1,101,605, dated June 30, 1914, and tl^e disclosure 
on pages 438 to 440, inclusive, of the book eiititled “The 
American Petroleum Industry”, Volume 1, by Bacon and 
Ilamor, published by McGraw-Hill Book Company, Inc., 239 
West 39th St., New York, N. Y., as more fully appears from 
the statement of the Examiner and the decision of the 
Board of Appeals. Profert of copies is hereby made. 

11. Defendant admits that plaintiff in his s£id applica¬ 
tion, Serial No. 167,865, made the averments specified in 
paragraph 11, but defendant has no knowledge thereof ex¬ 
cept as informed by the Bill. 

12. Defendant admits the allegations of paragraph 12, 
except the allegation that plaintiff is entitled to receive a 
patent for the subject matter of the said claims. 

Further answering, defendant denies that the claims re¬ 
cited in paragraph 7 are patentable to plaintiff in view of 
the patent to Wright and the publication. 

And further answering, defendant denies each and every 
allegation of the Bill of Complaint not herein (specifically 
and sufficiently denied or admitted, and prays that plain¬ 
tiff’s Bill of Complaint be dismissed. 

Wherefore defendant having fully answered the Bill of 

. ^ . » 

Complaint denies that plaintiff is entitled to the relief de¬ 
manded or any part thereof and prays that hp be hence 
dismissed with all costs and expenses qf the pro- 

8 ceedings against the plaintiff as required ibv Section 
4915 R:. S/ 

THOMAS E. ROBERTSON, 
Commissioner of Patents, Defendant. 

T. A. HOSTETLER, 

Solicitor of the U. S. Patent Office, 

Attorney for Defendant. 
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District of Columbia, 

City of Washington , ss: 

I, Thomas E. Robertson, Commissioner of Patents, de¬ 
pose and say that I have read the above answer by me sub¬ 
scribed and know the contents thereof, and that the state¬ 
ments of facts therein made as upon personal knowledge 
are true, and those made upon information and belief I 
believe to be true. 

THOMAS E. ROBERTSON, 

Commissioner of Patents . 

Subscribed and sworn to before me this 18th day of 
April, 1930. 

[seal.] FANNIE W. SCHRIDER, 

Notary Public, D. C. 

My commission expires May 12, 1933. 

Findings of Fact. 

Sumfeitted bv Defendant. 

Filed April 7, 1932. 

#***### 

1. Plaintiff’s application discloses a method of recovering 
oil from a partially depleted oil sand body by forcing a gas 
saturated liquefied propane-butane hydrocarbon down- 
wardlv into a well, through the oil stratum where it dis- 
solves in I the oil reducing the viscositv and then 
9 carrying the mixture to and out through another well. 

2. The patent to Wright 1,101,605 discloses a 
method of recovering oil by forcing hydrocarbon gases 
(natural gas) under pressure into a well and through the 
oil bearing rock where it extracts oil, and then carrying the 
mingled gas and oil to and out through another well. The 
hydrocarbon gases are first liquefied by pressure and a 
cooling b-ine. 

3. The hydrocarbons utilized principally by plaintiff are 
gaseous at normal temperature and pressure. Plaintiff 
liquefies the butane and propane and saturates the thus 
liquefied propane and butane with gaseous methane and 
ethane. All of these gaseous hydrocarbons are present in 
substantial amounts in natural gas. 
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Conclusions of Law. 

1. The claims do not patentably distinguish from the 
prior art adduced by defendant. 

2. The Wright patent 1,101,605 having disclosed the pro¬ 
cess of extracting oil from oil-bearing rock by means of 
natural gas (hydro-carbon) liquefied by cooling and pres¬ 
sure, plaintiff did not invent a new process by merely utiliz¬ 
ing in that process a hydrocarbon mixture consisting prin¬ 
cipally of butane and propane together with other hydro¬ 
carbon ingredients. 

3. Plaintiff is not entitled to a decree for the claims and 
the Bill of Complaint will be dismissed. 

DANIEL W. 0’D0N0G|HUE, 

J ustice. 

April 7th, 1932. 

10 Final Decree. 

Filed April 7, 1932. 

# * * # * * # 

This cause having come on to be heard and }iaving been 
tried in open court and argued by counsel for the respective 
parties upon the pleadings and proofs adduced and sub¬ 
mitted to the Court, 

It is adjudged, ordered, and decreed that the till of Com¬ 
plaint in this case be, and the same herebv is dismissed. 

DANIEL W. O’DONOG^UE, 

Justice. 

April 7th, 1932. 

Approved as to form: 

J. AUSTIN STONE, 

Attorney for Plaintiff. 

i 

Petition of Appeal. 

Filed April 30, 1932. 

* ***** * 

The plaintiff, Henry L. Doherty, conceiving himself ag¬ 
grieved by the final decree made and entered herein on or 
about April 7, 1932, does hereby appeal from the said de- 

2—5762a 
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cree to the Court of Appeals for the District of Columbia, 
for the reasons specified in the Assignment of Errors, 
which is filed herein; and he prays that this appeal may be 
allowed and a citation granted directed to the above named 
Thomas E. Robertson, Commissioner of Patents, com¬ 
manding him to appear before the Court of Appeals of the 
District of Columbia, to do and receive what may appertain 
to justice to be done in the premises, and that a transcript of 
the record, proceedings and papers upon which said decree 
was made, be duly authenticated, and, together with 
11 all models and exhibits filed in said cause, to be filed 
with the Clerk of the Court of Appeals for the Dis¬ 
trict of Columbia. 

! J. AUSTIN STONE, 

Attorney for Plaintiff. 

April 29, 1932. 

Order Allowing Appeal , dr. 

Filed April 30, 1932. 

*#*»*# * 

The plaintiff, Henry L. Doherty, having filed his petition 
for appeal from the final decree made and entered herein 
on or about the 7th day of April, 1932, it is 

Ordered that the said appeal of said plaintiff, Henry L. 
Doherty, from said decree to the Court of Appeals of the 
District of Columbia be, and the same is hereby allowed. 

Ordered further that the amount of security of the costs 
which the plaintiff shall give on said appeal be, and tlie 
same is hereby fixed at the sum of one hundred dollars. 

And it is further ordered that upon the giving of such 
bond, a certified transcript of the records, proceedings and 
papers herein, together with all models and exhibits be 
forthwith transmitted to the said Court of Appeals of the 
District of Columbia. 

Dated this 29th dav of April, 1932. 

JESSE C. ADKINS, 

Justice. 

Service of the within Order allowing appeal of plaintiff 
from final decree admitted this 29th dav of April, 1932. 

: T. A. HOSTETLER, 

Solicitor for Defendant. 
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12 Order Allowing Appeal, dec. 

Filed April 30,1932. 

* * * * # # # 

The plaintiff, Henry L. Doherty, having filed his petition 
for appeal from the final decree made and entered herein 
on or about the 7th day of April, 1932, it is 

Ordered that the said appeal of said plaintiiff, Henry L. 
Doherty, from said decree to the Court of Apbeals of the 
District of Columbia be, and the same is herebvl allowed. 

Ordered further that the amount of security of the costs 
which the plaintiff shall give on said appeal be, a|nd the same 
is hereby fixed at the sum of one hundred dollajs, or in lieu 
thereof a deposit in cash in said amount. 

And it is further ordered that upon the giving of such 
bond, a certified transcript of the records, proceedings and 


papers herein, together with all models and exhibits be 
forthwith transmitted to the said Court of Apbeals of the 
District of Columbia. 1 

Dated this 30th day of April, 1932. 

PEYTON GORlpON, 

i Justice. 


Memorandum. 

April 30, 1932.—$100 deposit in lieu of bond on appeal. 
I Citation. 

Issued April 30, 1932. I 


The President of the United States of America to Thomas 

E. Robertson, Commissioner of Patents, Greeting: 

You are hereby cited and admonished to be and appear at 
a Court of Appeals of the District of Columbia upon the 
docket ins: t he cause therein, under and as directed bv the 
Rules of said Court, pursuant to an Appeal noted in the Su¬ 
preme Court of the District of Columbia, on the 30" day of 
April, 1932, wherein Henry L. Doherty is Appellant, and 
you are Appellee, to show cause, if any there be, why the 
Decree rendered against the said Appellant, should not be 
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corrected, and why speedy justice should not be done to the 
parties in that behalf. 

Witness the Honorable Alfred A. Wheat, Chief Justice of 
the Supreme Court of the District of Columbia, this 30" day 
of April, in the year of our Lord one thousand nine hundred 
and thirty-two. 

[seal.] FRANK E. CUNNINGHAM, 

Clerk, 

By HARRY M. HULL, 

Assistant- Clerk. 


Service of the above Citation accepted this 30" day of 
Apr., 1932. 

T. A. HOSTETLER, 

Attorney for Appellee. 
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Assignment of Errors. 
Filed April 30, 1932. 


Now comes Henry L. Doherty, the above named plaintiff 
by his attorney, J. Austin Stone, and having prayed an ap¬ 
peal to the Court of Appeals of the District of Columbia 
from the final decree and order made and entered in this 
cause on the 7th day of April, 1932, says that said decree and 
order are erroneous and unjust and against the rights of 
said plaintiff, and as Assignment of Errors therein repre¬ 
sents that said Supreme Court of the District of Columbia 
erred in the following particulars: 

1. In basing the decree on the statements embodied in the 
findings of fact and conclusions of law “submitted bv de¬ 


fendant.” 

2. In failing to take cognizance of the points emphasized 
in the findings of fact and conclusions of law submitted bv 
the plaintiff and supported by testimony for the plaintiff. 

3. In finding the invention described and claimed in plain¬ 
tiff’s application for patent, Serial 167,865, not patentable 
in view of the disclosure in the United States patent to 
Wright, 1,101,605. 

4. In finding that the plaintiff did not invent a new pro¬ 
cess by conducting the steps described and claimed in said 
application for patent as distinguished from the disclosure 
in the said patent to Wright. 


THOMAS E. ROBERTSON, COMMR. OF PATENTS. 
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5. In dismissing plaintiff's Bill and in not sustaining it. 
Wherefore the plaintiff prays that the said decree be re¬ 
versed and that the plaintiff be adjudged entitled to the 
requested patent. 

J. AUSTIN STQNE, 
Attorney for 


Plaintiff. 
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M emoranda . 


May 14,1932.—Statement of evidence in dupli 
June 14, 1932.—Statement of evidence signed 
cate). 

Docket Entries. 


bate filed, 
(in dupli¬ 


cate. 

1930, Mar. 31, 


4 4 

l l 

4 4 

4 4 

i i 

4 4 

4 4 

Apr. 

IS. 

i 4 

Nov. 

7. 

1932 

, Apr. 

7. 

< i 

t < 

7. 

4 4 

4 4 

30. 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

i ( 

4 4 

4 4 

i i 

Mav 

m/ 

14. 

< i 

4 4 

4 4 

i i 

4 4 

4 4 

i i 

June 

14. 


it’d 4/7/30 


filed. 
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Proceedings. 

Deposit for costs by Stone. 

Bill, appearance, order to file, filed. 

Spa. to answer & copy issued R 
served. 

Answer of deft, to bill, App. Hosjetler, filed. 
Calendared per order plff’s atty.,| 

Findings of Fact. 

Final Decree Dismissing Cause. 

Petition of plff. for appeal. 

Order allowing appeal & fixing bojnd at $100, 
or $100 cash in lieu, filed. 

Assignment of Errors filed. 

Order extending time to file st; 

Evidence to May 14, 1932, filed. 

Additional deposit by Stone for appeal. 
Citation on appeal. Service accepted. 
Deposit by J. Austin Stone for plff. in lieu 
of bond on appeal. 

Acknowledgment of Service filed. 
Designation of Record filed. 

Statement of Evidence in duplicate filed. 

“ “ “ Signed (in dupli¬ 

cate) filed. 

Designation of Record. 

Filed May 14, 1932. 


ttement of 


* 


Now comes Henrv L. Doherty, the appellant in 


the above 


entitled cause, and designates the parts of the recbrd which 
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lie desires to have included in the transcript, said parts being 
considered sufficient for the determination of the questions 
raised on appeal, namely: 

1. Docket Entries. 

2. Bill of Complaint. 

3. Answer. 

4. Statement of Evidence. 

5. Copy of Findings of Fact and Conclusions of Law as 
adopted by the court. 

6. Decree. 

7. To be certified as physical exhibits: the various sand 
samples comprising Exhibit C. 

8. The following exhibits: 

Plaintiff’s Exhibit ‘‘A”, i. e. certified copy of Doherty 
Application and claims including amendments. 

From Plaintiff's Exhibit “D”, i. e. three articles bv Uren 
in the National Petroleum News over the period January 
26, 1927 to February 9. 1927, comprising pages 71 and 72 
of the article in the January 26 number and pages 67, 6S, 


71-2-4-6 of the article in the February 9 number of National 
Petroleum news. 

From Plaintiff’s Exhibit F, i. e., the Beecher & Park- 
hurst article beginning on page 51 of the A. I. M. M. E. pub¬ 
lication, “Petroleum Development and Technology”, 1926, 
comprising pages 51, 2, 4, 5, 6, 8, 9, and 63. 

From Plaintiff’s Exhibit “H”, Bureau of Mines R. I. 
3035 by Chalmers et ah, published September 1930, on “The 
Reooverv of Oil from Sands by the Gas Drive”, comprising 
table 4 on page 5, curves comprising figures 2 and 3 on 
pages 6-A and 6-B and figure 5 on page S-B, and tables 5 
and 6 on pages 11 and 12. 

From Plaintiff's Exhibit “I”, i. e. article by Ben E. 
Lindsly, Engineer of the F. S. Bureau of Mines, “Oil 
17 and Gas Journal” May 14, 1931, pages 92, 146, 148, 
150. 152, 153, 154. 

From Plaintiff’s Exhibit “J”, i. e., the article by Per I\. 
Frolich. et ah, on “The Solubilities of Gases in Liquids at 
High Pressure”, published in Volume 23, No. 5 page 548 
of Industrial & Engineering Chemistry, and pages 548, and 
Figs. 1 and 2. 

From Plaintiff’s Exhibit “K”, i. e., the article by Wm. 
M. Lacey, on “Experiments on Rates of Solution of Oil and 
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Gas”, published in A. P. I. Production Bulletin #2071 
June 1931, pages 166,167,174 and 177. 

From Plaintiff’s Exhibit “N”, certified file history of 
the Little patent 1,762,783, comprising the printed copy of 
lli<‘ Little patent, and the following file references stipu¬ 
lated to be patents cited by the Patent Examiner against 
the patent: namely, ('lope 1,112,339; Waller 922,369; Frank- 
forter 918,990; Ogilvey 1,264,551; Yaryan 915,400. 

9. Defendant’s Exhibits: | 

Exhibit 1. Wright patent 1,101,605. I 

Exhibit 2. Pages 438, 439 and 440, inclusive,, of Ameri¬ 
can Petroleum Industry, by Bacon and Hamor. Vol. 2, 
1916. 

Exhibit 3. The Examiner’s Statement from the Doherty 
file before the Board of Appeals. 

Exhibit 4. The decision of the Board of Appeals on 
Doherty’s Appeal. 

10. Order approving Statement of Evidence. 

11. Petition of Appeal and Order allowing same. 

12. Assignments of Error. 

13. Citation. 

14. Copy of this Designation of the Record aijid Stipula¬ 
tion appended thereto. 

15. Clerk’s Certificate. 

By J. AUSTIN STO^E, 

Of Counsel. 


18 Stipulation. I 

It is this 14th day of May, 1932, hereby stipulated and 
agreed by and between the parties hereto, by their respec¬ 
tive attorneys, that the transcript on appeal shhll consti¬ 
tute those parts of the original proceedings as are set forth 
in the foregoing Designation of the Record, to ^ r hich this 
Stipulation is appended. 

It is further stipulated and agreed that the Statement of 
Evidence as prepared and filed by the plaintiff, service and 
receipt of a copy of which is acknowledged by tlie defend¬ 
ant, shall constitute the Statement of Evidence for the 
purpose of this appeal and that the same may b(} received 
without further amendment, defendant hereby consenting 
to the immediate approval of said Statement of Evidence 
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by the court, and hereby waiving the period allowed under 
the rules in which to make objection and/or present amend¬ 
ments. 

J. AUSTIN STONE, 

Of Counsel for Plaintiff. 

T. A. HOSTETLER, 

Of Counsel for Defendant. 


19 Supreme Court of the District of Columbia. 

United States of America, 

District of Columbia , ss: 

T, Frank E. Cunningham, Clerk of tlie Supreme Court of 
the District of Columbia, herein* certify the foregoing 
pages, numbered from 1 to 18, both inclusive, to be a true 
and correct transcript of the record, according to direc¬ 
tions of counsel herein filed, copy of which is made part of 
this transcript, in cause No. 51214 in Equity, wherein 
Henrv L. Dohertv is Plaintiff and Thomas E. Robertson, 
Commissioner of Patents, is Defendant, as the same re¬ 
mains upon the files and of record in said Court. 

In testimony whereof I hereunto subscribe my name and 
affix the seal of said Court, at the City of Washington, in 
said District, this 5th day of August, 1932. 

[Seal Supreme Court of the District of Columbia.] 

FRANK E. CUNNINGHAM, 

Clerk, 

By CHAS. B. COFLIN, 
i Assistant Clerk. 


20 In the Supreme Court of the District of Columbia. 

In Equity. 

51214. 


Henry L. Doherty, Plaintiff, 

vs. 

Thomas E. Robertson, Commissioner of Patents, 

Defendant. 


Statement of Evidence. 

Be it remembered that the above-entitled cause came on 
for trial upon the issues framed by the pleadings on Thurs- 
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clay, February 25, 1932, Mr. Justice Daniel W. 
presiding. 

Appearances: 

On behalf of the United States: T. A. Hostetler, Esq. 

On behalf of the Plaintiff: J. Austin Stone, Esq., Ken¬ 
neth I. White, Esq. 

Thereupon, the counsel for plaintiff, after making an in¬ 
troductory statement of the nature of the easel, explained 
that the case was before tlie court in order to secure a de¬ 
cree instructing the Commissioner of Patents to issue a 
patent to tlie plaintiff on the application of Henry L. 
Doherty, the plaintiff in this case. 

In opening the case, Counsel called the Court ’s attention 
to a large colored chart set up on an easel in view of the 
Court, illustrating the principle of application of the in¬ 
vention of the Doherty patent application in sui|. Counsel 
stated the chief problem which the Doherty invention seeks 
to solve is that of increasing the recovery of oil from 
21 underground oil-hearing sands, which by present 
methods of production recover only about fifteen to 
twenty-five per cent of the oil in the ground. Counsel con¬ 
tinued with an explanation of the Doherty indention as 
illustrated bv the drawing, stating that the invention con- 

» Cr* 7 ^ 

sists of a process involving the steps of taking the waste 
by-product propane and butane gases from the natural gas 
gasoline recovery plant in a gaseous state, liquefying the 
propane and butane, passing the liquefied propane and 
butane through a gas saturating apparatus wherein the 
liquid is saturated with dry natural gas, and introducing 
the thus gas saturated liquid propane and butane into the 
oil sand through the well. Counsel went on to exjplain that 
the gas saturated liquid propane and butane goes into solu¬ 
tion in the oil in the sand, acts as a solvent for removing 
the oil from the surface of the sand grains, cajrries into 
solution in the oil a gas with which the liquid propane — 
butane is saturated, and on going out of solutionjin the oil 
adjacent the producing well serves as a propelling medium 
for forcing the oil out through the producing wells. 

Counsel further explained that the Patent Office had re¬ 
jected the Doherty application chiefly on the disclosure of 

3—5762a 
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the Wright patent reference 1,101.605. Counsel explained 
that the Wright patent disclosure contemplates passing 
natural gas down through one well into an oil-hearing sand, 
introducing refrigerated brine into the casing of the well 
through which the gas is passed into the sand for the stated 
purpose of liquefying whatever portion of the gas will 
liquefy the oil being removed from the sand through another 
well. Counsel's description of the Wright patent disclo¬ 
sure was also illustrated to the Court by a colored en¬ 
larged photoprint of the drawing of the Wright 
patent disclosure. 

After stating that the question at issue was 
whether Doherty's process involving the use of gas satu¬ 
rated liquid propane and butane represents a real patent- 
able improvement over the disclosure of the Wright patent 
reference in view of the disclosure of pages 438 to 400 of 
the Bacon and Hamor text; and after pointing out that it is 
Dohertv’s contention that Wright's disclosed svstem of 
cooling would not be operative to liquefy propane and bu¬ 
tane, Counsel called as the Plaint ill's witness, Mr. Charles 
E. Beecher, explaining that Mr. Beecher's testimony, taken 
as that of an expert engineer familiar with oil production 
problems, was deemed desirable, in view of the basing of 
the decision of the Defendant Patent Commissioner chieflv 
on the conclusions of the Patent Examiner as a so-called 
“expert*' by reason of his familiarity with the literature, 
and not by reason of any practical knowledge of oil produc¬ 
tion practice. 


Direct examination: 

Mr. Beecher, after being first duly sworn as a witness, 
testifying in response to the queries by Counsel, stated as 
follows: 

That his name is Charles E. Beecher, his age 42, his resi¬ 
dence Bartlesville, Oklahoma, and his occupation that of 
Chief Oil Production Engineer for the Empire Companies. 
Witness stated that he was graduated from Stanford Uni- 
versitv in 1913 with the A. B. degree and 1914 with the ad- 
vanced degree of Engineer. 

To questions regarding his occupational experience, wit¬ 
ness replied that he had worked as a construction engineer 


19 


THOMAS E. ROBERTSON, COMMR. OF PATENTS. 

for the California Highway Commission and later for 
23 a contracting firm, having been engage^ on the con- 
si ruction of refinery buildings and on a [wireless sta¬ 
tion for the government in Seward, Alaska. That following 
that employment, lie had served as a pilot in the Aviation 
Section of the United States Army, and in 1^)19 was em¬ 


ployed as engineer on construction by the Union Oil Com¬ 
pany of California. That for four years beginjning in 1920 
he had held various positions including research engineer 
and Assistant Chief Technologist, with the United States 
Bureau of Mines, during which period he wad Employed at 
Washington, D. C. and in Wvoming and Montana on various 
problems connected with the development, operation and 
production of oil on government reserves. Witness stated 
that following his Bureau of Mines employment he accepted 
a position with the Empire Company, Bartlesville, Okla¬ 
homa for the purpose of carrying on some research work 
for Henry L. Doherty in connection with the problem of 
increasing recovery of oil from sands, and that since that 
date ho has been employed as Chief Oil Production Engi¬ 
neer for the Empire and affiliated companies. 

To queries by Counsel regarding his experience with ex¬ 
perimental and commercial solution of oil production prob¬ 
lems, witness replied that he had carried on research work 
in this connection and also had direct charge of actual re¬ 
covery problems for the Empire Companies for several 
years, both in new and partially depleted fields. Witness 
continued bv stating that at Mr. Doherty’s suggestion he 
had made a research investigation of the physical character¬ 
istics of oil as it exists underground, and of the changes in 
physical characteristics of the oil resulting from solution 
therein of natural gas under pressure. Witness 
24 stated that his investigation had demonstrated that 
the surface tension and viscosity of the oil were 


materially changed due to the gas in solution and that his 
experiments indicated that gas was more solijble in the 
lighter hydrocarbons such as propane, butane and gasoline, 
than in the heavier hydrocarbons such as crude oil, under 
comparative conditions of pressure. Witness stated that 
the petroleum industry and producers had acknowledged 
his experimental results as authoritative and of value to 
the industry, citing as examples acknowledgments in pub¬ 
lished articles of Professor Lester C. Uren of the University 
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of California, and of Dr. TImpleby and others engaged in 
dealing with these problems; and that methods now in use 
for producing oil have been greatly changed due to the con¬ 
cepts developed as a result of these experiments. Witness 
identified a paper by Dr. J. B. Umploby, acknowledging the 
value to the industry of Beecher’s experiments, as to be pub¬ 
lished in the March, 1932 number of “Mining and Metal¬ 
lurgy” a magazine of the American Institute of Mining and 
Metallurgical Engineers, on “Changing Concepts in the 
Petroleum Industry.” Witness also identified a series of 
articles of Professor Uren acknowledging witness’s experi¬ 
ments, as being published in the National Petroleum News 
during the period January 19 to February 9, 1927. 

At this point the following exhibits were proffered by 
Plaintiff’s Counsel and accepted in evidence: 


Exhibit A.—Certified copy of complete file wrapper of 

Dohertv Patent Application Ser. No. 167,- 
865. 

“ A'.—Condensed certified copy of Doherty Applica¬ 

tion as amended. 

“ B.—Certified copy of the completed file of the 

Wright patent Ser. No. 1,101,605. 
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To queries of Counsel concerning the factors af¬ 
fecting the recovery of petroleum from underground 
structures, Witness replied that these factors were pri¬ 
marily viscosity and surface tension of the oil, the porosity 
of the sand, the nature of the porosity, the nature of the 
sand grains; and the pressure within the reservoir. As 
illustrating the factor of surface tension, Witness cited the 
manner in which coffee rises into a lump of sugar dipped 
therein, and pointed out that the openings in the average 
oil sand are smaller than those in the lump of sugar, and 
that the power of the oil sand to retain oil because of the 
surface tension effect is a very important factor influencing 
oil recovery, especially from semi-exhausted fields. Wit¬ 
ness then produced and discussed several samples of oil 
sand taken from various wells—one from the Marv Sudick 


well in the Oklahoma City field, one a sample of the Bartles¬ 
ville sand, one a sand sample showing how the oil is still 
retained in the sand, which witness stated could not be re¬ 
moved from the sample except by some process which 
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would dissolve the oil. Witness stated that the samples 
were actual cores taken from the producing wells, that the 
Mary Sudick well is better than 6,000 ft. dee]), the Bartles¬ 
ville sand about 2,000 ft. and the Burgess sand about 1,500 
ft. doe]). Witness pointed out (transcript p. 11) that the 
oil must be pretty thin in order to flow at the rate of 20,000 
to 40,000 barrels per day through sand of such fine 
porosity. 

At this point Counsel offered the sand samples produced 

bv the witness as Plaintiff’s Exhibit “C”. 

* 

Queried further by Counsel concerning the factors af¬ 
fecting the recovery of oil through wells, particularly with 
relation to the effect of dissolved gas in the propul- 
26 sion of the oil, witness replied that movement of oil 
through the sand was caused by the energy supplied 
by the compressed gas and the gas dissolved in the oil. 
Continuing his discussion, witness stated that petroleum 
as we see it at the surface cannot be moved through these 
sands except at tremendous pressure, and even then with a 
filtering effect; that when the oil is saturated with gas it 
becomes quite thin, so that even fairly viscous oils when 
saturated with gas at pressures of 500 to 1,000 lbs. or even 
*>,000 lbs., becomes almost as thin as kerosine. Continuing 
his explanation of the part played by free gas in moving 
the oil, witness stated that when a producing well is opened 
and the pressure thereby reduced on the sand, the gas 
comes out of solution in the oil and thereby supplies the 
energy for pushing the oil to the well, just as gas will 
come out of solution in soda water when the cork in the bot¬ 
tle is removed. Witness further stated that the solution of 
gas in the oil reduces the surface tension of the oil or, in 
other words, the ability of the oil to adhere and cling to the 
sand grains. 

Answering queries of Counsel, witness stated that it was 
in connection with experiments conducted by him at Mr. 
Doherty’s suggestion that he first obtained information 
concerning the physical properties of petroleuijn and the 
effect of dissolved gas therein. Witness stated that the re¬ 
sults of his experiments were published in an article en¬ 
titled, “Effect of Dissolved Gas Upon the Viscosity and 
Surface Tension of Crude Oil” by C. E. Beecheif ancl I. P. 
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Parkhurst, in the Petroleum Division of the American In¬ 
stitute of Mining and Metallurgical Engineers. 

Queried by the Court, witness stated that he was the 
author, that Henrv L. Dohertv is the head of the 
27 Cities Service Company, that Henry L. Doherty 
made the invention, that Witness did the mechanical 
work, that credit is given to Mr. Doherty in the first para¬ 
graph of the article, explaining why it was done and that 
it was done under his direction. 


Queried by Counsel if he had any authority for his previ¬ 
ous statement that the dissolved gas acts as a propelling 
medium for removing the oil, other than his own experi¬ 
ence, Witness answered that it was a fact generally ac¬ 
cepted by the industry as shown by experiments of others 
and written articles, that the dissolved gas has this pro¬ 
pelling effect when pressure is released and tlie gas comes 
out of solution in the oil. For further explanation of this 
phase of the production problem, Witness cited the Bureau 


of Mines publication Xo. 2732 of December, 1926, by Dow & 


Calkin, entitled “Solubilitv and Effects of Natural Gas and 


Air on Crude Oil": the paper by Mills and Heithecker on 

“Volumetric and Gravity Changes due to Solution of Gas 

in Crude Oil": the paper by Chalmers and others on “The 

Recovery of Oil from Sands by the Gas Drive"; the paper 

by Ben E. Lindsly on “Solubility of Natural Gas in Crude 

Oil"; the paper by Per K. Frolich on “Solubility of Gas 

in Liquids at High Pressure" published in Industrial and 

Engineering Chemistry, Vol. 23 page 54S; the paper by 

Win. N. Lacey on “Experiments on the Rate of Solution of 

Oil and Gas", published in the A. P. I. Bulletin 207. June 

1931—which was stated bv the Witness to show verv inter- 

• » 

esting figures on the rate at which gas will dissolve in oil, 
and on the effects on surface tension. 


Witness testified that there had been papers published 
explaining the relative locations in which the propulsive 
force of the gas is released from the oil, including a 
28 paper by Professor Lester C. Uren of the University 
of California, published in the “National Petroleum 


News”, February 


9, 1927, beginning on page 67, and the 


recently published article by Uren in “Petroleum Tech¬ 
nology in 1931” entitled, “Experimental Study of Pressure 
Conditions Within the Well Reservoir Rocks in the Vicinity 


of a High Pressure Producing Well”. Witness stated that 
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Professor Uren shows very plainly that gases like propane 
and butane in solution in the oil come out of solution near 
a well where pressure is reduced, and that it is ^it that point 
1 hat these gases do their work in bringing the oil into the 
well; that approximately fifty per cent of th|e energy of 
the gas in solution is used within a distance of 10 ft. of the 
well, the remainder of the energy of the gas being used in 
bringing the oil up to that point from a distance of say 300 
ft. away from the well. Witness explained tliaj the flow of 
oil might be considered as starting from the crust of a 
piece of pie and gradually increasing its rate of flow until 
a high velocity flow is reached at the apex of the pie where 
the well is located, and that it is within the l^ist ten feet 
surrounding the well that such gases as propane 
liberated from solution do the maximum amor 
in propelling the oil. 


and butane 
nt of work 


ed by Pro- 
Xews over 


Counsel then offered in evidence as Exhibits ^he various 
papers and articles concerning which the witnesjs had testi¬ 
fied, identified by the witness as follows: 

Exhibit D.—A series of three articles publisl 
lessor Lester 0. Uren in the National Petroleum 
the period January 19, 1927 to February 9, 1927^ 

Exhibit E.—Article by Professor L. C. Ureiji published 
in 1931 volume of American Institute of Mining and Metal¬ 
lurgical Engineers’ “Petroleum Technology”, entitled 
“Experimental Study of Pressure Conditions Within the 
Well Reservoir Rock in the Vicinity of a Higli Pressure 
Producing Well”. 

29 Exhibit F.—Article of Beecher and 

published in 1926 volume of American Institute of 
Mining and Metallurgical Engineers “Petroleurh Develop¬ 
ment and Technology,” pages 51 to 63. 

Exhibit G.—Bureau of Mines publication No. 2893, Oc¬ 
tober 1928, by Mills & Heithecker. 

Exhibit H.—Bureau of Mines publication B. I. 3035, 
September 1930 by Chalmers et al. 

Exhibit I.—Article of Ben E. Lindsly, published in 1931 
number of “Petroleum Development and Technology”, 
American Institute of Mining and Metallurgical Engineers, 
page 252; and also published in the “Oil and Gas Journal” 
of May 14,1931. | 


Parkhurst 


24 


HENRY L. DOHERTY VS. 


Exhibit J.—Article published by Per K. Frolich et al. 
in Vol. 23, Xo. 5, page 548 of the May 1931 number of “In¬ 
dustrial and Engineering Chemistry”. 

Exhibit K.—Article by Wm. X. Lacey, published in 
American Petroleum Institute Bulletin Xo. 207 of June, 
1931, page 106. 

Exhibit L.—Bureau of Mines publication Xo. 2732, by 
Dow and Calkin. 

Counsel explained that the articles put in evidence as 
exhibits were considered to outline the results of the latest 
experimental developments in oil production. 

Replying to query by Counsel, witness stated that some 
recent experimental investigations of the production prob¬ 
lem had been made under his direction, for the purpose of 
showing the solubilitv of different hvdroearbon diluents 
in crude oil, such diluents including the hvdrocarbons 
butane and propane which are gaseous at normal tempera¬ 
ture and pressure. Witness produced curves which he de¬ 
scribed as showing results of experimental work on the 
solubility of natural gas in Oklahoma City crude and as 
showing the relation between the viscosity of the oil and 
the per cent of hydrocarbon diluent. Witness cited the 
curves as showing that ten per cent of gasoline added to 
the oil reduced the viscosity approximately 26 per 
30 cent: ten per cent of butane added to the oil reduced 
the viscosity approximately 47 1 /L* per cent; and 10 
per cent of propane added to the oil reduced the viscosity 
approximately 55 per cent. Witness cited the curves 
as emphasizing the large reduction of viscosity that can 
be expected from adding small quantities of propane and 
butane to the oil. Witness produced another curve as 
illustrating how the viscosity of heavier seaside crude oil 
of around 30° gravity is reduced much more for the same 
amount of propane and butane or natural gas in solution 

therein than is a lighter oil such as Oklahoma Citv crude 

*■ « 

of about 40° gravity. 

Counsel then offered in evidence as Plaintiff’s Exhibit 
“M” the curves concerning which the witness had just 
testified. 

To query concerning the bearing of the results of his 
own investigations and those of other investigations men- 
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tioned by the witness on the invention of the Doherty ap¬ 
plication, Witness stated that the results of these investi¬ 
gations show very plainly that it is possible to deliver to 
the oil sand large quantities of energy in the form of gas 
dissolved in propane and butane; that propancf and butane 
have a selective solubilitv for these gases and are also 

and butane. 


even. Wit- 


selective solvents for the oil, i. e., that propane 
dissolve oil much more readilv than gasoline 
ness cited the experiments described by Frolich et al. as 
corroborating the fact that methane is verv highly soluble 
in propane and butane. Witness also cited tbe Dow and 
Calkins publication of the Bureau of Mines as describing 
experiments corroborating and acknowledging his own 
experiments. 

Queried by the Court, witness said that there is no chemi¬ 
cal change when the hydrocarbons are I introduced 
.‘11 into the oil, but that the change is a physical one, 
without chemical reaction. Witness stated that pro¬ 
pane and butane were not new, had been previously used 
in chemistry and industry, and that they are just light 
hydrocarbon gases. Witness went on to state that methane 
is one of the lightest of hydrocarbon gases having the 
chemical structure CH 4 , and that heavier hydrocarbons 
have more carbon and more livdrogen. 

In reply to a query by the Court as to whether he claimed 
that there is any discovery in the fact of injecting a lighter 
gas into an oil, witness answered “Xo, the injecting of 
gas into the sand has been done for a number 


of vears”. 

Witness continued by stating that propane aind butane 
when tliev are saturated with gases are carriers of energy 
and when in a liquid form, dissolve the oil, being good 
solvents, and by carrying gas with them in solution are 
even better solvents and will furnish energy foil removing 
the oil. Witness agreed to the Court's query that they 
have been injecting gases for years in this industry, and 
in reply to the Court’s query as to whether it |was not a 
matter of almost common sense that hydrocarbon gas 
makes oil lighter, witness went on to explain that gas will 


not dissolve in oil readily by simply forcing g 
well leading to the oil, that it actually takes agi 


as into a 
ation and 


movement to effect such solution but that liquid propane 


4—5762a 
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and butane added to the oil will mix and dissolve therein 
and wash off the oil film. 

The Court then directed a query to Mr. Hostetler, Coun¬ 
sel for Defendant, as to whether the Wright patent did not 
have in mind that the gas would become liquefied, to which 
the reply was in the affirmative. 

In reply to queries from the Court as to whether 

32 the Wright patent process liquefied the gas before it 
went down into the oil, witness replied that the gaso¬ 
line hydrocarbons that would liquefy are comparatively 
few, and that the brine cooling arrangement proposed in 
the Wright patent is from a practical standpoint inoper¬ 
ative. Witness stated that propane and butane are pro¬ 
duced in greater quantity than gasoline as byproducts in 
the manufacture of natural gas gasoline, that propane and 
butane are not desirable products to have in gasoline be¬ 
cause thev are too volatile, and that thev are removed dur- 
ing the manufacture of gasoline by a stabilizing process. 
Witness stated that propane and butane thus obtained as 
a byproduct is normally wasted, except as it is used for 
special fuels, and that Mr. Doherty’s idea is to take these 
large quantities of propane and butane, liquefy them, satu¬ 
rate them with gas, and pump them into the oil sands in 
liquid form, thus introducing a dissolving agent as well 
as a source of energy. Witness answered in the affirmative 
the Court’s inquiry as to whether natural gas has some 
propane and butane in it, and went on to explain that when 
natural gas is produced from an oil field, a gasoline plant 
is set up in the field, which takes all the gas that can be 
obtained from the field; that this gas is processed and the 
gasoline is recovered; and that the residue gas left over 
from the natural gas gasoline recoverv treatment mav be 
used for operating gas engines and the residue burned in a 
torch—i. o., wasted. Mr. Doherty’s idea, as stated bv the 
Witness, is to take this waste propane and butane, com¬ 
press and liquefy it and saturate it with gas and put it 
back into the well. Witness stated that large quantities 
of propane and butane had been recently pumped in a 

liquid state into the Burbank field in Oklahoma, as 

33 much as 100,000 gallons a day, without saturating 
with gas as proposed by Mr. Doherty. Witness said 

that liquid propane and butane thus introduced into the 
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Burbank field had had quite a beneficial effect on the re¬ 
covery of oil, and expressed it as his opinion and the 
opinion of many mid-continent engineers wi(h whom he 
had discussed the matter, that if the liquid propane and 
butane thus introduced into the Burbank field had been gas- 
saturated, a great deal more would have been accomplished 
in the way of increased oil recovery. 

In reply to query by Counsel, Witness explained his 
statement that the cooling process of the Wright patent 
was not practically operable as follows: That the average 
oil well would not have a diameter of over 10 or 12 inches 
and the inside casing in the majority of wells is 6 inch 
casing: that the Wright patent would require another 
string of casing, say 2" pipe, to put the gas ipto the well, 
and that this gas entering the well would be warm, coming 
from the compression pipes; that Wright’s proposal is to 
pump brine into the top of the casing around the gas inlet 
pipe and reply on thermal action for circulating the brine: 
that this would not be practically operative; that if you 
bring the brine into the casing on one side (indicating on 
enlarged chart reproduction of the Wright patent drawing) 
the brine will go across the casing and out through the out¬ 
let without circulation. I 

Replying to the Court’s expressed opinion t|iat Wright 
meant that the casing could be divided in half except at the 
bottom, Witness stated that that would be an extremely 
difficult proposition in an oil well because the casings of oil 
wells are circular pipes extending down ihto the well 
.‘14 1000 ft. or more; that (referring to the chart illus¬ 

tration of the Wright patent) there would have to be 
both inside and outside pipes extending down into the well; 
that the well casings have joints, ranging from 20 to 30 ft. 
in length, and it would be almost impossible to run a parti¬ 
tion between the inside and the outside pipes bjecause the 
pipes are not made to very close standards. 

Replying to query by counsel, witness stated tl|iat Wright 
explained the method of getting circulation of brine in his 
patent as being entirely by thermal action. 

Asked by the Court to specify whether by “thermal 
action” he meant that the cold would fall and the hot rise, 
Witness stated “Yes”; that the brine would be heated 
right at the top of the well in the Wright patent. 
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Queried by Counsel as to whether Wright can get circu¬ 
lation by thermal differential as he expects, witness stated 
that he failed to see how it would be possible. 

Asked by Counsel to explain the practical difference be¬ 
tween Doherty’s idea for introducing liquid propane and 
butane saturated with gas into the well, and any previous 
use of natural gas containing as ingredients propane and 
butane—witness answered that whereas natural gas under 
pressure is a potential source of energy, such energy cannot 
be imparted to the oil unless the gas can be actually dis¬ 
solved in the oil: that the pushing effect of the gas under 
pressure can only be used if the volume of oil is such as to 
prevent channeling of the gas through the sand. Continu¬ 
ing his answer, Witness cited experiments showing that a 
10 ft. column of oil exposed to gas would take about 35 
years to saturate the oil with gas unless there was agita¬ 
tion; whereas Mr. Doherty’s process contemplates a 
35 preliminary solution of the gas in the liquid propane 
and butane so that the gas is already in liquid solu¬ 
tion when it enters the oil, so that the solution has this 
energy in it when it dissolves in the oil. 

Queried by the Court as to whether the gaseous propane 
and butane is a liquid at the bottom of the well, Witness 
stated that the gas-saturated propane and butane is a liquid 
and that as this liquid goes into the sand it dissolves in the 
oil and that in going out of solution in the oil as a gas it 
pushes the oil toward the outlet well or the point of reduced 
pressure. Illustrating this to the Court by means of the 
samples of sand in evidence (Exhibit “C”) Witness ex¬ 
plained that gas can be forced through the sand without 
driving oil out of the sand, but that if liquid propane and 
butane were put into the sand sample lots of oil could be 
recovered from the sample, gas serving as a driving medium 
to put the liquid through the sample. 

Witness stated, in reply to query by Counsel, that the 
gas-saturated liquid propane and butane which Doherty 
proposes to use on the oil makes the oil thin, reduces its 
viscosity, reduces its surface tension so that it will not ad¬ 
here to the sand grains, increases its volume and decreases 
its gravity. 

Answering the Court’s query as to wherein the Doherty 
patent differs other than in degree from the Wright patent, 
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and the Court’s statement that the Wright patent ‘‘lias 
propane and butane in it, and it has natural ga^, and it has 
been liquefied to some extent”, witness stated that in addi¬ 
tion to the degree, Doherty’s process contemplates carry¬ 
ing large quantities of energy, and that it is the combina¬ 
tion of the two that Doherty is after. Qubried by the 

36 Court as to whether there was subject matter of 
invention in one person building a motor with 7 h. p. 

and another building one along the same lines with 14 h. p., 
witness answered that he did not know that oPe could say 
that there was invention in that case. Witness pointed out 
that he did not think the Wright patent contemplated any 
of the features that Doherty does in his, other than that he 
anticipated some recovery from gas drive, and he knew that 
gasoline, if the gas was properly cooled, would drop out as 
a liquid. In reply to query by the Court, Witness stated 
that the preliminary use of gas in the Wright pajtcnt was as 
a source of pressure, and that the object of brine cooling 
was the patentee’s expectation that some gasoline would 
drop out and wash the sand to some extent. 

Replying to queries by counsel, witness stated that he 
had examined the original file history of the Wright patent 
application; that he gained the idea from reading the 
Wright patent file that the patentee’s original conception 
of his invention was that it involved broadly the putting of 
gas into the oil sand and the storing of gas in the sand, and 
that the patentee appeared hazy as to the amount of gaso¬ 
line which could be condensed, seeming by his manner of 
referring to it to anticipate that almost the ma;or portion 
of the gas would liquefy to gasoline. 

Answering queries of the Court as to the chemical compo¬ 
sition of propane, the witness stated that methane is the 
lightest member of tlie gaseous paraffine hydrocarbons and 
has a formula of CH,; that ethane, the next heaviest mem¬ 
ber of the series, has a formula CJIr., and propane, the third 
member of the series, has a formula C ; <Hs. The Court ex¬ 
plained that the object of his query was to make sure 

37 that no claim was made of “anv anatomic changes” 
in the application of the Doherty process, to which 

the Witness answered that he believed there were no such 
changes. 

Counsel then read to the Witness claim 1 of the Doherty 
application as a condensed definition of the Doherty inven- 
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tion, and asked the witness to explain wherein the invention 
of the Doherty application represents an improvement in 
the art over what is shown by the Wright patent. Reply¬ 
ing to this question, the witness referred to his prior testi¬ 
mony for such explanation and stated that it was chiefly a 
matter of delivering concentrated energy and a selective 
solvent to the sand for the purpose of obtaining the benefit 
near the producing well of the energy available in the form 
of propane and butane to deliver oil to the well, the Doherty 
process also making use of a byproduct which in the past 
has been wasted. Witness further explained that experi¬ 
ments indicated that the propane and butane are better 
recovery and energy-supplying agents when they carry gas 
in solution. Continuing the Witness stated that operations 
similar in principle to Wright's patent process have been 
going on for years, that gas carrying gasoline in the liquid 
state has been introduced into oil wells for vears without 
any appreciable benefit over the method of simply putting 
in gas from which the gasoline has been extracted. Wit¬ 
ness explained that the average gasoline content of every 
1000 cu. ft. of natural gas is not over three-quarters of a 
gallon. Witness stated that in a recent check of operations 
his Company had treated an average of about 200,000,000 
ft. of gas a day, at various points in the Midcontinent, and 
that the average gasoline content was about three-quarters 
of a gallon per 1000 cu. ft. of gas. Witness repeated 
38 that his Company had used Wright’s general method 
for a long time and after much studv were convinced 
that they had to improve on it. 

Queried by the Court as to how near the compressor or 
field apparatus is to the extracting well, Witness stated that 
the gas distributing lines might all lead from a central 
plant and distribute over a wide area, or on the other hand, 
they may supply only one or two wells, in which latter case 
the plant would be within a few hundred or a thousand feet 
of the well. Witness stated that in one Kansas field he had 


some 800 wells and 81 


injection wells in which there were 


about 25 to 30 miles of pipe in use for delivering from a 
central plant. In another field there were only two pressure 
injecting wells using only a matter of about 600 ft. of pipe. 

Queried by Counsel as to the action of gas saturated pro¬ 
pane and butane after it enters the well, witness (indicating 
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on the chart illustrating the application of tie Doherty 
invention) stated that it was difficult for him to express 
exactly what took place in the sand, but that lie knew that 
as soon as the liquid was introduced the pressure in the 
structure immediately built up showing a dissolving action 
around the inlet well and that shortlv after there are 
greater recoveries from the outlet well. 

Replying to query by the Court, witness stated that the 
ideal time to use the Doherty process would be when the 
wells were first opened to production, but that practically, 
processes of this type w-re not put in use until after the 
field had been partially depleted. 

Replying to query by Counsel concerning Witness’s 
knowledge of any Patent Office decision oil the ques- 
39 tion of invention which would appear to be in con¬ 
flict with their adverse decision on this Ipoherty in- 
vent ion, witness testified that in granting the patent to 
Little 1,7(53,783, the Patent Office had recognized the pres¬ 
ence of invention in the use of liquid propane aiid butane, 
as compared to the prior art disclosure and use of gaso¬ 
line and naphtha, for dissolving rosins and terpenes from 

to explain 
[ilagous to 
date 


filing 


the cellular structure of wood. Witness went on 
that the cellular structure of wood is closelv an 

w 

t he cellular structure of oil sand, that prior to the 
of the application for the Little patent, gasoline] naphthas 
and various other liquid hydrocarbons had been used in the 
same way and for the same purpose as the liquid propane 
and butane described in the Little patent, and that Little’s 
idea of employing liquid butane for extracting rosins from 
wood is analogous to the Doherty idea of removing oil from 
the pores of sand with propane and butane. 

Replying to query by the Court, Witness stated that the 
process of the Wright patent is substantially in use except 
for the Wright method of well cooling. Witness explained 
that the method of the Doherty application was ^iot in use 
because of lack of opportunity to apply the process near 
one of the gasoline plants where propane and bijitane was 
available, and because application of the Dohertjy process 
requires ownership or control of a big acreage iri order to 
justify the expense of treatment without danger of losing 
oil to neighboring leases controlled bv others, i Witness 
stated that the Doherty process would undoubtedly be in 



32 


HENRY L. DOHERTY VS. 


use if his Company had a lease of sufficient size to be prop¬ 
erly worked, and a gasoline plant conveniently located for 
supplying propane and butane. 

Counsel then offered in evidence a complete file 

40 history of the Little patent, including copies of the 
principal file references cited bv the Patent Office, as 

Plaintiff’s Exhibit “X”. 

Replying to query by Counsel, Witness stated that the 
Wright patent process had been used substantially for 
many years and in some areas had proven quite successful 
in increasing production. Witness stated that in other 
areas the process; had been tried and they had not been able 
to increase production appreciably. Witness anticipated 
that use of the Doherty process would increase production 
four or five times what they would anticipate by normal 
operation over a period of ten or twelve years. Citing an 
example, witness stated that if over a period of ten years 
we anticipated an average recovery of 100 barrels per day 
from a certain property, the process of the Doherty appli¬ 
cation if put into effect should, he thought, over a period of 
ten or twelve years yield probably 400 or 500 barrels per 
day, as indicated by results accomplished; that in using the 
method outlined in the Wright patent they considered them¬ 
selves fortunate if they could double the production anti¬ 
cipated over a few years; that on the average, they do not 
even double their production by employing the Wright pat¬ 
ent process or what they call “the gas drive”. 

Queried by Counsel as to whether there was any mention 
of Mr. Doherty’s gas-saturated propane-butane medium in 
the Wright patent, Witness answered “No,” and con¬ 
tinued that the only thing mentioned by Wright is that 
gasoline will condense in his method. Witness stated that 
the work done bv Mr. Dohertv was the first that tliev had 
been able to find any record of, after a search of the 

41 literature, giving knowledge of the effect of dis¬ 
solved gas on the viscosity of oil. In reply to a fur¬ 
ther query. Witness stated that he did not think that 
Wright had any knowledge of the superiority over gaso¬ 
line for his purpose of a gas-saturated propane-butane ma¬ 
terial such as that described by Doherty. 

In closing the direct examination, Counsel for Plaintiff 
apologized for any apparently illogical order in which the 
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testimony was presented, explaining this defect by the ef¬ 
fort to present the case in the brief period allotted by the 
Court for the hearing. 

Plaintiff rests. 

Counsel for Defendant presented no witnesses but of¬ 
fered in evidence the following exhibits: 

(1) A printed copy of the Wright patent No. 1,101,605. 

(2) Pages 438 to 440, inclusive, of the American Petro¬ 
leum Industry, Bacon and Hamor, Vol. 2, 1916. 

(3) The Patent Examiner’s Statement. 

(4) The decision of the Patent Office Board of Appeals. 

The foregoing exhibits were received and marked “De¬ 
fendant’s Exhibits 1, 2, 3 and 4, respectively”. 

Cross-examination: 

Replying to query by Counsel for Defendant,j addressed 
to the Witness, Counsel for plaintiff (interposing) ex¬ 
plained that the Doherty application in suit has no draw¬ 
ing, and that the chart presented at the hearing was simply 
to illustrate the practical application of the Doherty 
invention. 

Answering further queries of Counsel for Defendant, the 
Witness stated that he believed that the liberty ap- 
42 plication contained no explanation of the manner in 
which the liquid propane and butane was cooled, 
the application simply explaining that propane and butane 
w'as liquefied and saturated with natural gas. 

Replying to queries of counsel for Defendant as to 
whether it w’as not a fact that natural gas or ljquid as it 
flow's into the pressure w'ell is merely natural ^as that is 
enriched with propane and butane, the witness j explained 
that it was propane and butane enriched with nitural gas, 
and that the mixture w'ould probably not include the heavier 
components of natural gas which make up gasoline, but 
w’ould include propane and butane saturated w r i.th ethane 
and methane. Witness explained that the hexanes and 
heavier hvdroearbons w'ould not be included because tliev 
w'ould have been extracted. Witness agreed that the first 
four gases of the paraffine series, methane, ethane, propane 
and butane, are gaseous at normal temperature and pres- 

5—5762a 
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sure, and that they can be liquefied by increased pressure 
and at lowered temperatures. Witness stated that depend¬ 
ing upon the vapor pressures of the mixture of these four 
gases they would all liquefy to some extent, and that in 
general they are all found in natural gas. Witness further 
stated that methane is the chief ingredient of natural gas, 
and that in the Doherty process the liquid propane and 
butane is saturated with methane; that the liquid propane 
and butane will dissolve manv times their volume of 
methane and ethane, and that these gases go together with 
the propane and butane into the oil sand. Witness further 
stated that when the pressure is reduced a certain per¬ 
centage of methane will go out of solution, thus becoming 
available in the form of energv. 

43 Asked about what temperature and pressure is 
used to reduce these normallv gaseous hydrocarbons 
to liquid, witness stated that these varied with gasoline 
plant operation, explaining that the compressor plants 
usually operate at around 230 to 300 lbs. pressure for mak¬ 
ing gasoline, and that the propane and butane can be taken 
off at these pressures as a liquid by means of fractionating 


equipment. 

Queried as to the temperature, Witness stated that he 
could not answer exactly as to the temperatures employed 
in the rectifying towers but stated that these temperatures 
would vary with! the pressure. Witness stated that he 
could produce a curve which would show at what tempera¬ 
tures and pressures these gases are liquid. Queried further 
on this point, Witness stated that propane can be liquefied 
at a temperature of 90° F. when under a pressure of ap¬ 
proximately 150 pounds gauge, and that pure butane will 
liquefy at 90 F. under a pressure of approximately 30 
pounds. Replying to further queries, Witness stated that 
there was no wav, at the start, of telling from which wells 
oil would be produced when one of a group was used as a 
pressure well for introducing the liquid propane and 
butane, unless very good results had been obtained from 
coring the sand. Explaining, Witness stated that some¬ 
times the well cores would indicate the wells in which the 
sands were of more or less analogous great porosity, and 
that after starting to put the pressure medium into the well 
the offset wells which first showed increased gas production 
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would be the ones from which increased oil] production 
would be anticipated. 

Queried as to whether the Wright patent filed in 1912 
could be regarded as originating the broad idea of having 
one pressure well to force oil out of the other wells, 
44 Witness stated that he believed not; but believed 
that this process was carried on several years prior 
to Wright in Ohio. Witness verified as correct Counsel for 
Defendant's explanation that the purpose of the last ques¬ 
tion was to show that neither Wright nor Doherty was en¬ 
titled to the broad idea of using one well for a pressure 
well in forcing oil out of the others. Counsel for defendant 
suggested that an illustration of oil viscosity would be that 
of dropping gasoline into the crank case of an [automobile, 
thus reducing the viscosity of the oil in the Icrank case. 
Witness agreed. Counsel then asked whether the principle 
of this testimony was not that a light oil such hs gasoline 
mixed with a heavy oil will reduce the viscosity cjf the latter 
and also loosen the surface tension. Witness a lswered in 
the affirmative and pointed out that in addition the gas dis¬ 
solved under pressure will do the same thing in the oil. 

This concluded the cross-examination. 


Redirect examination: 


Explaining that counsel for defendant had apparently 
been trving to draw an analogy between the aciion of the 
gas saturated propane and butane of Doherty and a reduc¬ 
tion of viscosity of oil in a crank case by addition of gaso¬ 
line, Counsel for Plaintiff asked Witness if the gas- 
saturated propane and butane of the Doherty application 
performed any other function than that of reducing the 
viscosity of the oil. Witness pointed out thaj: the gas- 
saturated liquid propane and butane of the Doherty inven¬ 
tion had a solvent action on the oil films attached to the 


sand grains closely analogous to the solvent action exerted 
by the liquid propane and butane for removing rosin and 
terpenes from the cellular wood structure in 4ccordance 
with the process of the Little patent Exhibit “N”. 
45 Witness explained that these fine films of oil adher¬ 
ing to the sand grains cannot be removed without a 
solvent, and constitute a very large percentage of the total 
volume of oil in the sand; that estimates of many compe- 
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tent engineers checked by field calculations and field experi¬ 
ments show that the present methods only recover from 15 
to 30 per cent of the oil originally in the sand, and that 
actual mining tests in Alsace Lorraine found that onlv 
16-2/3 per cent of the oil was actually recovered by the 
wells and the balance could only be recovered by bringing 
the sand to the surface and treating it. Queried by Counsel 
as to whether gas-saturated propane and butane employed 
in accordance with the Doherty process would recover a 
considerable amount of this excess oil left in the sand un¬ 
recoverable by application of present known methods, Wit¬ 
ness stated that it should. 

Defendant rests. 

Whereupon, at 3:30 o'clock P. M. the trial of the fore¬ 
going case was concluded. 

Be it further remembered that the foregoing contains the 
substance of alb of the evidence given on the hearing of 
this cause, and each of the exceptions stated to have been 
taken by the attorney for the plaintiff were so taken and 
were dulv allowed and noted bv the Court, and in order that 
each and every one thereof may be preserved and made of 
record this Statement of Evidence is duly stated, approved 
and signed, and ordered to be made of record in the above 
entitled cause this 14th dav of June, 1932. 

Bv the court: 

DANIEL W. O’DONOGHUE, 

Justice. 

46 In the Supreme Court of the District of Columbia. 

In Equity. 

51214. 

Henry L. Doherty, Plaintiff, 
vs. 

Thomas E. Robertson, Commissioner of Patents, 

Defendant. 

Stipulation. 

It is agreed between the parties hereto that the papers 
offered in evidence as exhibits for the plaintiff and defend¬ 
ant shall form a part of the Statement of Evidence and the 
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portions thereof referred to in the Designation of Record 
may be printed as a part of the record on appeal to follow 
the statement of evidence. 

J. AUSTIN STONE, 

Of Counsel for Plaintiff. 

T. A. HOSTETLER, 

Of Counsel for Defendant. 

Washington, D. C., July 26, 1932. 

47 Ptf’s Ex. A'. 

390. 

Department of Commerce, United States Patent Office. 

To all persons to whom these presents shall come, Greeting: 

This is to certify that the annexed is a true copy from the 
records of this office of the Petition, Specification and Oath, 
as it now stands, in the matter of the Pending Application 
of Henrv L. Dohertv, filed February 12, 1927, Serial Num- 
ber 167,865, for Improvement in Method of Recovering Oil 
from Oil Sands. 

In testimony whereof I have hereunto sot mv hand and 
•> • 

caused the seal of the Patent Office to be affixed, at the City 
of Washington, this eleventh day of January, in the year of 
our Lord one thousand nine hundred and thirty-two and of 
tho Independence of the United States of America the one 
hundred and fiftv-sixth. i 

[Seal Patent Office, United States of America.] 

THOMAS E. ROBERTSON, 

Commissioner of Patents. 
Attest: ! 

D. E. WILSON, 

Chief of Division. 

48 Mail Room, U. S. Patent Office, Feb. 12, 1927. 

167,865. 

Petition. 

To the Commissioner of Patents: 

Your petitioner, Henry L. Doherty, a citizen of (he United 
States of America, residing at New York, in the [County of 
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New York, State of New York, whose Post Office address is 
60 Wall Street, New York, N. Y., prays that Letters Patent 
may be granted to him for improvements in method of re¬ 
covering oil from oil sands as set forth in the annexed speci¬ 
fication, and he hereby appoints Edmund G. Borden, 60 Wall 
Street, New York City, Registration No. 3870, his attorney, 
with full power of substitution and revocation, to prosecute 
this application, to make alterations and amendments 
therein, to sign the drawings, to receive the Patent, and to 
transact all business in the Patent Office connected there¬ 
with. 

HENRY L. DOHERTY. 

49 Specification. 

To all whom it may concern: 

Be it known that I, Henry L. Doherty, a citizen of the 
United States of America, residing at New York, in the 
county of New York, State of New York, have invented cer¬ 
tain new and useful improvements in method of recovering 
oil from oil sands, and I do hereby declare the following to 
be a full, clear and exact description of the invention, such 
as will enable others skilled in the art to which it apper¬ 
tains, to make and use the same. 

This invention relates to the recoverv of oil from oil sands 

* 

and more particularly to a method of recovery of oil from 
a depleted or partially depleted oil sand body. 

It is a well known fact that only a relatively small pro¬ 
portion of the oil naturally occurring in an oil sand is re¬ 
covered by present methods of oil production. My inven¬ 
tion has for its object to provide a process that may ad¬ 
vantageously be used for more completely draining a previ- 
ouslv treated oil sand of its oil. 

At the present time a large amount of gasoline is obtained 
by the treatment of natural gas to recover the gasoline 
which is absorbed or entrained by the gas. In treat- 

50 ing natural gas to recover its gasoline content a by¬ 
product is obtained which is composed principally of 

propane and butane. The propane and butane mixture is 
usually collected under pressure so that it remains in liquid 
form and if the process of recovering the propane and bu¬ 
tane from casing head gasoline is carried on under sufficient 
pressure, liquid ethane may also be recovered. Further- 
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more, it is difficult to separate the propane and butane from 
gasoline without including some pentane. 

The present invention relates more particularly to the use 
of the by-product mixture composed principally of propane 
and butane, although it is to be understood tha|t this liquid 
mixture may contain ethane and pentane. j 

According to my invention I utilize said liquid! by-product 
for assisting in the recovery of oil from the oil l sands. A 
liquid butane-propane mixture will dissolve extremely large 
-quantities of natural gas, the amount dissolved depending 
on the chemical constitution of the gas. If the gas contains 
a high percentage of ethane it has been found that one vol¬ 
ume of said liquid mixture will absorb more than 200 vol¬ 
umes of such gas. The resultant liquid mixture is of ex- 

tremelv low viscositv and of verv low surface tehsion. The 
« » * 

resultant mixture is furthermore readily soluble in petro¬ 
leum oil and when dissolved in the oil the resultant oil has 
a very much lower viscosity and surface tension than it 
originally had. 

In carrying out my invention I maintain saic^ liquid by¬ 
product under high pressure and saturate it with a hydro¬ 
carbon gas. The resultant mixture is then pumped into the 
sands in which the oil is located and on account of its 
51 low viscosity and low surface tension readily pene¬ 


trates through the sands. In passing through the 

sands the mixture dissolves in the oil with the i*esult. that 

the viscositv and surface tension of the oil are lowered. 
%> 

Preferably a pressure is maintained in the sands by closing 
the well outlets and the liquid by-product is inserted under 
considerable pressure to force the liquid to penetrate 
through the sands. When the pressure is removed the gas 
dissolved in the liquid by-product and in the oil tends to 
come out of the solution and to expand in the samj} way that 
the original gas dissolved in the oil expands. This expan¬ 
sion or foaming of the oil in the sands causes a ^novement 
of the oil through the sands toward the opening.) None ot 
the gas originally dissolved in the by-product liqujid will re¬ 
main dissolved in the liquid at the temperatures existing in 
the earth, when the pressure is lowered to substantially 
atmospheric pressure. Therefore substantially all of the 
gas will be released and its expansive force rendered ef¬ 
fective for moving the oil through the sand. 
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I have discovered that it is comparatively difficult to dis¬ 
solve gas in the oil while the oil is held in the pores of the 
sand. In accordance with the present invention it is pos¬ 
sible to effect a greater solution of the gas in the oil, due to 
the fact that the gas is carried through the sands by the 
liquid by-product in a liquid form. The diffusion of the 
liquid by-product into the oil is very much more rapid than 
the diffusion of the gas into the oil. Accordingly, the liquid 
by-product fornis a convenient means by which the gas may 
be dissolved in the oil. At the same time the liquid by¬ 
product is also dissolved in the oil and both products there¬ 
fore tend to greatly lower the surface tension and the 
52 viscositv of the oil. 

The method of the present invention is applicable 
more particularlv to the recoverv of oil from sands in a 
depleted or partially depleted field. In view of the fact 
that the liquid hydrocarbon mixture and the natural gas 
used in the present process are valuable constituents it 
is desirable that the present method be applied to the 
operation of the held as a unit because when the 
liquid mixture and the gas are forced into the sands under 
pressure it is impossible to confine the migration of these 
products through the sands. It is practicable however to 
utilize the present method in a portion of the held pro¬ 
vided this portion is sufficiently large to include the area 
which might be effected by the introduction of the liquid 
mixture and gas. In anv event however it is necessarv 
to be able to close the wells and to control the pressure in 
the sands. It will be obvious therefore that a unit develop¬ 
ment of a pool or held will be very much more satisfactory 
in controlling the pressure and the migration of the gas 
and liquid mixture through the sands. 

What I claim is: 

1. A method of obtaining oil from oil helds comprising 
forcing a liquefied mixture of butane and propane satu¬ 
rated with hydrocarbon gas into an oil stratum, and re¬ 
covering oil from the stratum at a point remote from the 
point of introduction of the mixture into the stratum. 

2. A method of obtaining oil from oil helds comprising 
forcing a liquehed mixture of butane and propane satu¬ 
rated with hydrocarbon gas under high pressure into an 
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oil stratum under a relatively lower pressure, and 

53 recovering oil from the stratum at a pbint removed 
from the point of introduction of the mixture into 

the stratum. 

3. A method of obtaining oil from oil field^ comprising 
forcing a liquefied mixture of butane and propane satu¬ 
rated with hydrocarbon gas under high pressure into an 
oil stratum, and recovering oil from the stratum at a point 
of relatively low pressure. 

4. A method of obtaining oil from oil fields comprising 
forcing a liquefied hydrocarbon substance consisting of 
butane and propane with gas in solution under high pres¬ 
sure into an oil stratum and withdrawing oil from the 
stratum at a point of relatively low pressure. 

5. A method of obtaining oil from oil fields| comprising 
forcing a mixture of hydrocarbon constituents having a 
molecular structure including less than six carbon atoms 
into an oil stratum and recovering oil from the stratum. 

6. A method of obtaining oil from oil fields| comprising 
forcing a liquefied mixture of hydrocarbon Constituents 
having a molecular structure including less than six car¬ 
bon atoms into an oil stratum and recovering oil from the 
stratum. 

7. A method of obtaining oil from oil fields comprising 
forcing a gas-saturated liquefied mixture of hydrocarbon 
constituents having a molecular structure including less 
than six carbon atoms into an oil stratum and recovering 
oil from the stratum. 

8. A method of obtaining oil from oil sands comprising 
introducing into the stratum in the earth containing oil a 
liquid hydrocarbon mixture having a gravity, viscosity and 
surface tension lower than gasoline and withdrawing oil 

and the liquid mixture from a portion of the stratum 

54 different from that in which the liquid mixture is 
introduced. 

9. A method of obtaining oil from oil fields comprising 
introducing under pressure into the stratum containing the 
oil a hydrocarbon liquid which contains mor6 than 100 
volumes of gas in solution per volume of liquid, driving 
the liquid mixture, gas and oil through the s^nds to an 
outlet and withdrawing the mixture of oil, gas and liquid 

6—5762a ! 



42 


HENRY L. DOHERTY VS. 


mixture through a well dilTerent from that in which the 
liquid mixture and gas are inserted into that stratum. 

10. A method of obtaining oil from oil fields comprising 
forcing under pressure a mixture of hydrocarbon con¬ 
stituents having a molecular structure each less than six 
carbon atoms and containing many times its volume of 
gas in solution into one portion of a sand stratum con¬ 
taining oil and recovering oil, hydrocarbon liquid and gas 
from the oil stratum at a point removed from the point of 
introduction of the mixture and gas into the stratum, said 
point being of relatively lower pressure than the point of 
introduction of the mixture into that stratum. 

11. The process of recovering oil from oil-bearing strata 
consisting in subjecting the oil-bearing strata to the action 
of a hydrocarbon gas saturated liquid propane-butane mix¬ 
ture introduced under pressure into the strata whereby 
the oil in the strata is subjected to the motivating action 
of both liquid and gas. 

In testimonv whereof I affix mv signature. 

HENRY L. DOHERTY. 


55 Oath. 

County of New York, 

State of New York , ss: 

I, Henry L. Doherty, the above-named petitioner, being 
duly sworn, depose and say that I am a citizen of the United 
States of America and resident of New York, N. Y. and 
that I verilv believe mvself to be the original, first and sole 
inventor of the improvements in method of recovering oil 
from oil sands described and claimed in the annexed speci¬ 
fication; that I do not know and do not believe that the same 
was ever known or used before my invention or discovery 
thereof, or patented or described in any printed publication 
in anv countrv before mv invention or discoverv thereof, 
or more than two years prior to this application, or in 
public use or on sale in the United States for more than 
two years prior to this application; that said invention has 
not been patented in any country foreign to the United 
States on an application filed by me or my legal repre¬ 
sentatives or assigns more than twelve months prior to 
this application; and that no application for patent on said 
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improvements has been filed by me or my representatives 
or assigns in anv eountrv foreign to the United States. 

HENRY L. DpHERTY. 

Subscribed and sworn to before me this 9th day of Feb- 
ruarv, 1927. 

[seal.] JAMES J. DELAjNEY, 

Notary Public . 

Bronx County Clerk’s No. 85. 

Certificate filed in New York Co. No. 498. 

Commission expires March 30, 1928. 


56 Compared by C. P., L. S. Revised by L. A. M. 

Letter No. 186,689. Date: Jan. 6/32. 

57 Patent Office, Mailed May 29, 1923. 

JK :MLA. 

United States Patent Office. 

Before the Board of Appeals, on Appeal. 

In re Application of Henry L. Doherty. Ser. No. 167,865. 

Filed Feb. 12, 1927. For Method of Recovering Oil from 

Oil Sands. 

Examiner ’.<? Statement. 

An appeal has been taken from the final rejection of the 
following claims: 

1. A method of obtaining oil from oil fields comprising 
forcing a liquefied mixture of butane and propane satu¬ 
rated with hydrocarbon gas into an oil stratum, and recov¬ 
ering oil from the stratum at a point remote from the point 
of introduction of the mixture into the stratum. 

2. A method of obtaining oil from oil fieldsj comprising 
forcing a liquefied mixture of butane and propajie saturated 
with hydrocarbon gas under high pressure into an oil 
stratum under a relatively lower pressure, ancjl recovering 
oil from the stratum at a point removed frojn the point 
of introduction of the mixture into the stratum. 

3. A method of obtaining oil from oil fields comprising 
forcing a liquefied mixture of butane and propatie saturated 
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with hydrocarbon gas under high pressure into an oil 
stratum, and recovering oil from the stratum at a point of 
relatively low pressure. 

4. A method of obtaining oil from oil fields comprising 
forcing a liquefied hydrocarbon substance consisting of 
butane and propane with gas in solution under high pres¬ 
sure into an oil stratum and withdrawing oil from the 
stratum at a point of relatively low pressure. 

5. A method of obtaining oil from oil fields comprising 
forcing a mixture of hvdrocarbon constituents having a 
molecular structure including less than six carbon atoms 
into an oil stratum and recovering oil from the stratum. 

6. A method of obtaining oil from oil fields comprising 
forcing a liquefied mixture of hydrocarbon constituents 
having a molecular structure including less than six carbon 
atoms into an oil stratum and recovering oil from the 

stratum. 

58 7. A method of obtaining oil from oil fields com¬ 

prising forcing a gas-saturated liquefied mixture of 
hvdrocarbon constituents having a molecular structure in- 
eluding less than six carbon atoms into an oil stratum and 
recovering oil from the stratum. 

8. A method of obtaining oil from oil sands comprising 
introducing into the stratum in the earth containing oil a 
liquid hydrocarbon mixture having a gravity, viscosity and 
surface tension lower than gasoline and withdrawing oil 
and the liquid mixture from a portion of the stratum differ¬ 
ent from that in which the liquid mixture is introduced. 

9. A method of obtaining oil from oil fields comprising 
introducing under pressure into the stratum containing 
the oil a hydrocarbon liquid which contains more than 100 
volumes of gas in solution per volume of liquid, driving 
the liquid mixture, gas and oil through the sands to an 
outlet and withdrawing the mixture of oil, gas and liquid 
mixture through a well different from that in which the 
liquid mixture and gas are inserted into that stratum. 

10. A method of obtaining oil from oil fields comprising 
forcing under pressure a mixture of hydrocarbon con¬ 
stituents having a molecular structure each less than six 
carbon atoms and containing many times its volume of gas 
in solution into one portion of a sand stratum containing oil 
and recovering oil, hydrocarbon liquid and gas from the 
oil stratum at a point removed from the point of introduc- 
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tion of the mixture and gas into the stratum^ said point 
being of relatively lower pressure than the pojnt of intro¬ 
duction of the mixture into that stratum. 

11. The process of recovering oil from oil-bearing strata 
consisting in subjecting the oil-bearing strata to the action 
of a hydrocarbon gas saturated liquid propane-butane mix¬ 
ture introduced under pressure into the strata whereby the 
oil in the strata is subjected to the motivating action of 
both liquid and gas. 

Reference relied upon is Wright, 1,101,605, Jijne 30, 1914. 

The invention relates to a process of recovery of oil from 
a depleted or partially depleted oil sand body and the 
process consists of forcing under pressure a liqu/fied 
59 hydrocarbon substance consisting principally of bu¬ 
tane and propane which may also carry some ethane 
and pentane, saturated with a hydrocarbon gas, such as 
methane, into the oil stratum through a well and obtaining 
products carried by such substances as it passes through 
the oil bearing stratum and out therefrom at a point re¬ 
mote from the point of introduction, or throulgh another 
well remote from the well through which the substance has 
been introduced. 

The specification states that such a liqu/fied mixture of 
Butane-Propane has a great capacity of dissolving the hy¬ 
drocarbon gas and the whole dissolves in tlie heavier oil en¬ 
countered in the stratum and bv doing so it makes the 
heavier oil less viscous whereby it is capable of flowing 
more readily. 

The hydrocarbons methane, ethane, propahe, butane 
and penthane are the first five members of the homologous 
parafin series having respectively the formulae: 

CH 4 , C,H, ; , C:,H s , C 4 H,„, and C 5 H 12 , 

and these hydrocarbons at_ordinary temperature and pres¬ 
sure remain in the gaseous states; the next member of the 
series hexane C, : H 14 is a liquid under ordinary condition of 
temperature and pressure but is still very volatile and 
usually is removed from the modern stabilized gasoline. 

It is thought the patent to Wright anticipates the process 
which is correctly defined by the claims such as [claim 1 or 
any other claim of record. Wright stores oil aiid gas ob¬ 
tained from a well in his tank 3 and draws the uncon¬ 
densed gases collected at the top of the tank intt> the com- 
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pressor 6, liquifies the contents and introduces it into a well 
and collects the products from another well. At ordinary 
temperature the only gases that will collect at the top of 
the tank will be methane, ethane, propane, butane, 

60 pentane and it is probable that some of the more 
volatile liquids such as hexane will have some of it 

in a gaseous state. Upon compression of such gaseous ex¬ 
tract from the tank 3 methane will remain in the gaseous 
state since its critical temperature is —115° F. and no such 
cooling is contemplated by Wright as to reach the critical 
temperature of methane (Marsh Gas) since the cooling is 
accomplished by cold briew-and—115° F. cannot be obtained 
by such means. I All the remaining gases will be liquified 
and mixture of liqu/fied hydrocarbon substance com¬ 
prising propane but butane and some ethane, penthane as 
also small quantities of the more volatile parafins saturated 
with the gaseous hydrocarbon (Methane) will be intro¬ 
duced under pressure into the oil stratum performing all 
the functions inherent thereto and the products obtained 
will be extracted from another well, thus substantially per¬ 
forming the process defined by the claims. Applicant’s 
argument that there may be no methane (Marsh gas) pres¬ 
ent is not believed to be correct since the table on page 439 
of Bacon and Hamor, American Petroleum Industry (copy 
in Div. 38) indicates that in the natural gas obtained from 
various fields Marsh gas or methane is the chief constituent 
running from 53 to 99% in various fields and no example 
is given wherein no marsh gas was present. 

It appears, therefore, that Wright anticipates appli¬ 
cant’s process even though Wright does not state that the 
liquified hydrocarbons will be saturated with a gaseous 

hvdrocarbon nor does he state what hvdrocarbons will be 

•> 

present. The term gasoline is rather a loose term and 
its consistency is not permanent. However, from the 
nature of the steps performed by Wright as de- 

61 scribed in the patent it appears he carries out sub¬ 
stantially the process of the application and the 

mere fact that some of the higher hydrocarbons (above 5 
carbon atoms) may be carried along does not appear to 
patentably distinguish the process since it is not seen that 
their presence will affect the process in any way. 

The original specification contained ten claims and claim 
11 has been introduced with the statement of the appeal; 
the claim is anticipated in the same manner as the remain- 
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ing claims and no objection is interposed by tk^ Examiner 
to claim 11 being made of record. 

Respectfully submitted, 

C. F. KRAFFT, 

Examiner^ Div. 38. 

May 29, 1928. 

62 Appeal No. 2347, Paper No. 9. 

Decision. 

MCV. 

U. S. Patent Office, Board of Appeals, Oct. 3, 1^29, Mailed. 

Appeal No. 2347. 

Hearing: March 20, 1929. 

In the United States Patent Office. 

Before the Board of Appeals. 

Ex Parte Henry L. Doherty. 


Ser. No. 
Sands. 


Application for Patent. Filed Feb. 12, 1927. 

167,865. Method of Recovering Oil from Oil 

Mr. Edmund G. Borden for applicant. 

This is an appeal from the final rejection by tl|e primary 
examiner of claims 1 to 11, inclusive. 

Claim 1 is illustrative and reads as follows: 

1. A method of obtaining oil from oil fields Comprising 
forcing a liquefied mixture of butane and propane satu¬ 
rated with hydrocarbon gas into an oil stratum, apd recover¬ 
ing oil from the stratum at a point remote from the point of 
introduction of the mixture into the stratum. 

The reference relied upon is Wright, 1,101,605, June 30, 
1914. | 

The alleged invention relates to a method of recovering 
oil from a partially depleted oil sand body. Appellant 
forces under pressure a liquefied hydrocarbon substance 
through a well into the oil stratum where it dissolves in the 
oil, lowering the viscosity and surface tension of (the latter. 
The product passes out through another well. 

The claims stand rejected on the patent of Wri 
first claim of said patent to Wright, reading as fol 


srht. The 


ows: 
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1. A method of obtaining oil from exhausted wells which 
consists in forcing a liquefied natural gas substance into an 
oil bearing stratum at one point and receiving oil mingled 
with said substance at another point, 

shows that Wright had a similar purpose in mind and 

63 employed a similar process unless it be that he uses 
a materially different liquid hydrocarbon mixture. 

According to appellant’s specification he uses a by-prod¬ 
uct obtained in treating natural gas to recover its gasoline, 
consisting principally of propane and butane collected under 
'pressure so that it remains in liquid form and which may 
also contain some liquid ethane and pentane. This liquid 
by-product mixture is saturated with hydrocarbon gas be¬ 
fore it is pumped into the oil sand. 

Wright does not give the chemical composition of his 
mixture but states in his specification and claims that he 
uses liquefied natural gas, which may be the waste gas 
flowing from oil wells, or gas which evaporates from the 
oil in his gas-tight reservoirs. 

In his statement the examiner says that methane (CH 4 ), 
ethane (C_.H„), propane (C ; ,H*), butane (C 4 H,„), and pen- 
thane (CiH 12 ) are gaseous hydrocarbons at ordinary tem¬ 
perature and that the next member of the series, hexane 
(0, ; H I4 ), although liquid at ordinary temperature, is so 
volatile and unstable that it also is usually removed from 
modern stabilized gasoline. The examiner holds that the 
natural gas used by Wright must consist substantially of 
the above hydrocarbons, which also constitute appellant’s 
mixture, and that these gases will be liquefied by Wright’s 
process except the methane with which the liquid will be 
charged. 

Appellant contends that the examiner’s holding is based 
on erroneous assumptions, that Wright does not state what 
hydrocarbons are in his mixture, that higher hydrocarbons 
than hexane may be present and 'sVould be if Wright used 
the gas that evaporates from oil obtained from partially 
depleted wells, that the pressure and cooling agent used by 
Wright may not be such as to liquefy the propane and 
butane and that Wright does not state that methane 

64 gas is present in his mixture although appellant’s 
brief (page 9) admits that such gas would probably 

be present “if Wright uses natural gas from some other 
source, as he mav do.” 
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It is thought unnecessary to discuss each of 
appealed claims. Some claims specify liquefied 
butane and propane, other claims, hydrocarbon having less 
than six carbon atoms to the molecule, and another claim, 
hvdrocarbon “having a gravitv, viscositv and surface 
tension lower than gasoline.” Most, but not all, of the 
claims specify that the liquefied mixture contaiq- a hydro¬ 
carbon gas. 

The examiner states his conclusion as follows: 

It appears, therefore, that Wright anticipates applicant’s 
process even though Wright does not state that the lique¬ 
fied hydrocarbons will be saturated with a gasebus hydro¬ 
carbon nor does he state what hydrocarbons will be present. 
The term gasoline is rather a loose term and its consistency 
is not permanent. However, from the nature of! the steps 
performed by Wright as described in the patent [t appears 
he carries out substantially the process of the application 
and the mere fact that some of the higher hydrocarbons 
(above 5 carbon atoms) may be carried along does not ap¬ 
pear to patentably distinguish the process since it is not 
seen that their presence will affect the process in 

The examiner is the office expert in this art. 
careful consideration of the case and of appellant’s argu¬ 
ment we believe that the conclusion of the examiner is war¬ 
ranted and that appellant’s contention that Wright is not 
a pertinent reference is untenable. 

The decision of the examiner is affirmed. 

M. J. MOORE, 

Assistant Commissioner, 

W. S. RUCKMAN, 

Examiner-in-Chief, 
EUGENE LANDERS, 
Examiner-in-Chief, 


any way. 
After a 


Oct. 3,1929. 


Board of A 


ppeals. 


Endorsed on cover: District of Columbia Supreme Court. 
No. 5762. Henry L. Doherty, appellant, vs. Thomas E. 
Robertson, Commissioner of Patents. Court of Appeals, 
District of Columbia. Filed Aug. 9, 1932. Hpnry W. 
Hodges, Clerk. 
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Dissolved Natural Gas in Oil in Ground - 21 

i 

A Force That Aids Production 

By Letter C. Urtn 

Professor of Petroleum Engineering. University of 
California. Berkeley 


T HE force* brought to hear by 
Nature in expelling petroleum 
from the pore (paces of the reser- 
voir rock into wellt drilled for oil re- 
c ov t r y are of particular importance to 
the oil producer. 
A proper under¬ 
standing of the 
mechanics of oil 
flow through and 
from the poroot 
rocks in which it 
is accumulated by 
natural processes 
is essential to ef¬ 
ficient well opera¬ 
tion and con¬ 
trol The effi¬ 
ciency of re¬ 
covery will 
depend to a 
large degree 
on the extent 
to which the 
natural expulsive 
forces la re uti- 
LZSTZX c. OKZM It red. Improved 



methods of oil re¬ 
covery must be based upon a fun under¬ 
standing of the mode of operation of. the 
natural expulsive forces and be in har¬ 
mony therewith. 

Im the- first article of this series, 
printed in. the January 19th issue of 
NATIONAL PETROLEUM NEWS, it 
was shuunr that, before an oil deposit 
is tapped by the discovery well the oil 
and associated natural gas exist is a 
condition of pressure-temperature equili¬ 
brium ; and that, due to the elevated 
pressure which usually prevails, a large 
volume of gas is forced mto solution in 
the oil. By reason of this dissolved gaa 
and the elevated temperature character¬ 
istic of deeply buried strata, the vis¬ 
cosity of petroleum is considerably re¬ 
duced below that prevailing at normal 
atmospheric temperatures. Because oi 
this reduced viscosity, i* was suggested 
that, the oils arc in a condition to move 
with greater freedom through the 
porous reservoir rock*. 


d • * . . . 

W HEN a reservoir sand containing oil 
charged with dissolved gas under high 
pressure is penetrated by a well, the 
equilibrium of forces that previously 
existed is disturbed. If the well is not 
shut in, and flow of fluids to the surface 
is permitted, the pressure 'within the 
reservoir sand in the immediate vicinity 
of thr well is reduced. Reduction *n 
pressure permits release o* a part of the 
dissolved gas from the gas-saturated oil 
and the gas thus rtleased assumes the 
tortn of . minute bubbles distributed 
through the viscous oil mass. « 


These bubbles, when first formed, are 
«t® under relatively high pressure, hut 
as the pressure it further diminished, 
they expand. The effect is, literally, a 
physical expansion of the oil to a new 
volume many times its original sire, an 
expansion which causes a part of the oil 
to be forced through the sands toward 
the center* of reduced pressure about 
the wells. 

The potential expulsive effect of ex- 
punding gat originally dissolved in the 
oil may be demonstrated by recalling the 
data on gat solubility presented io the 
first article. It was shown, for example, 
that what was called the "approximate 
average" of eight different erodes- was 
capable of dissolving about 105-cubre 
feet of natural gas per barrel at. SOn- 
poonds pressure. 

T HE solubility was found to be directly 
proportional to the pressure: hence, at 
1000-pounds per square inch, a barrel of 
crude oil would be capable of retaining 
approximately 210-tubic feet of gas in 
solution, and at 1500-poands. J15-cubic 
feet. Let ut assume that a virgin oil 
pool has a “rock pressure" of 1000- 
pounds per square inch and that rach 
barret of oil contains 210-cubic feet of 
gas in solution. A barrel of oil OsCupies 
5.0-cubic feet, and each cubic foot of oil 
would therefore contain 37.5 cubic feet 
of dissolved gas. Now. if the pressure is 
reduced to atmospheric, and the gas thus 
released from solution is retained within 
the oil in the form of bubbles, each cubic 
fort of the original oil will expand until 
it occupies 38.5-cubic feet (37.S plus 1). 
The space within the oil sand available 


for the storage of oil and gas. however, 
remains constant, and, in order that ex¬ 
pansion to atmospheric pressure may 
occur. 97% (37.5 divided by 315) of the 
oil and gas must be expelled from the 
sand into wells. The theoretical re¬ 
covery of oil by gas expansion from 
1000-pounds initial pressure, should 
therefore be 97%. From S00-pounds 
initial pressure, it would be nearly 95%. 

- 

HILE the theoretical maximum re¬ 
covery of nil from the reservoir sand 
by gas expansion is high, practically the ex¬ 
pansive effect of the dissolved and oc¬ 
cluded gas is very imperfectly applied, 
so that the actual efficiency of extrac¬ 
tion is much lower. Actual recoveries 1 
in producing fields arc reported to be as 
low as 15 or 20% by many authorities/ 
Mining operations within the oil sands 
in the Pechelbronn oil field us Alsace 
haie indicated that the total recovery 
by producing to the lower limit of 
economic recovery through wells, was 
only 16.7% of the total original oil con¬ 
tent/ Recovery estimates »or the Brad¬ 
ford field of Pennsylvania by ordinary 
methods of flowing and pumping, arc 
placed by Mr. David White* of the U. S. 

■Law la, J. O. -’Rejuvenation of De¬ 
pleted Fields," Record of Public Kill- 
Inga before the Federal Oil Coneervallon 
Hoard. Washington, February. ISIS. 

•Uewla. J. O.. 'Methods of Increasing 
iha Recovery of Oil from Walta.".lJ. S. 
llureae of Mines Hell. 141. See partic¬ 
ularly page* ::-ir 

’Ot Cham brier P. “Working of To- 
troiatsm by Means of Shafts and Caliar- 
tea.- Journal, tnet. of Petroleum Tech¬ 
nologists. London. Vol. 7. pages 1TI-1SS. 

•white. D.. Addreaa bef-re the North¬ 
western Pennsylvania Oil I’rodueer’e At- 
eoe.. October. »»24. See Oil City Derrick. 
April 10. life 



; 

1 BASIS OF CONSERVATION ISSUE EXPLAINED BY UREN j 

| r T^HIS second article in the new series on improved production 
.J. methods appearing exclusively in National Petroleum News 
; is most timely, io that it gives the reader the fundamental facta i 
j that have been learned the past iew years on the effect of natural j 
, gas on oil held in the ground. 

These facts are the basis of the present thought and dis - ■ 
j cussion within the industry on the desirability of legislation 
forcing producers to bold back-pressures on tbeir wells. The 
! knowledge that has been gained, through research work and ex¬ 
periments. of the natural aid gas exerts in forcing oil from the 
!i .ground has made some people believe the holding of the gas in ! 
the ground to aid production should be compulsory. 

This is only one development in improved production prac- , 
• rice come to light in recent years that may greatly affect actual j 
| methods in use in oil fields. These developments generally are to ' 
j be reviewed by Prof. Uren in this series of articles. 


January 26, 1927 
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Geological Surrey, as tow as \2'/j per 
c^l 

The reason for the low efficiency of 
gas expulsion in all probability lies in 
the fact the gas does not remain oc- 
dufltd within the oil after it is released 
from solution, bat escapes to the well 
oatleti by translation through the oil, 
or through oil-drained channels shore or 
within the oi mats. (See Figure 1). Gas 
mores with greater freedom than oil 
through the minute spaces of the reser¬ 
voir sand, and monopolizes the drainage 
channels to the exclusion of the more 
viscous and slow-moving oil 

T 1AT the efficiency of gas expulsion 
is low can be demonstrated by compar¬ 
ing the relative volumes of gas and oil 
produced from oil wells. In many fields 
during the period of "flash" production, 
wells produce from 1000 to 4000 cubic 
feet of gas per barrel of oil. If the rock 
pressure is 500-pounds per square inch! 
an average barrel of oil is capable of ab¬ 
sorbing about 1 OS-cubic feet of gas; but 
if 1000-cubic feet of gas flow from the 
well with each barrel of oil. it is clear 
that about nine times as much gas is be¬ 
ing produ ce d as the oil is capable of dis¬ 
solving at the prevailing pressure. 

In other words. H we assume that all 
the gas was originally dissolved in the 
oil. each barrel of oil brought to the sur¬ 
face is produced only at the expense of 
gas from nine barrels of "dead" oil left 
in the sand. In this case, the efficiency 
of gas expulsion, due to escape of the 
gas from the oil in the sand, is only 10%. 
and with higher gas-oil ratios, the effici¬ 
ency will be correspondingly reduced. 
Gas-oil ratios can seldom be reduced be¬ 
low 500-cubic feet per barrel m a flow¬ 
ing well. and. unless large quantities 
of gas are supplied from sources outside 
the oil mass, it would therefore seem 
that the efficiency of gas expulsion may 
only occasionally exceed 20%. 

If we assume that erode petroleum as 
stored within the earth is saturated with 
gas under high pressure, when the pres¬ 
sure is partially reduced by drainage of 
tome of the oil and gas through wells, 
t portion of the dissolved gas will he re¬ 
leased and will assume the form of 


minnte bubbles. Each pore cell within 
the oil sand contains one or more gas 
bobbles, spherical m form in so far as 
the farm of the pore spaces permit, and 
separated .from each other by films of 
oil which occasionally break to permit 
two or more smalt- bubbles to form 
larger ones. 

In this stage, the oil and gas mixture 
may be regarded as of the nature of an 
emulsion, the gas being the internal 
phase. When first formed, these babbles 
are exceedingly minute, but arc still 
under high pressure; and as the pressure 
within the oil reservoir is gradually re¬ 
duced, they continually expand, forcing 
the oil toward the well outlets. The 
pressure within the sand, of course, is 
not uniform, but increases -progressively 
as the distance from the well increases. 
Each expanding babble can therefore 
displace oil only in ooc direction: that 
is, toward t"hr locus of reduced pressure 
within the well 

W E can perhaps, best explain the me¬ 
chanics of gas expulsion by reference 
to Figure 2 illustrating a portion of a 
drainage channel composed of a series 
of communicating sand pores, terminat¬ 
ing at the wall of a wed. Only a few 
pore cells arc -shown constituting that 
portion of the drainage channel in the 
immediate -vicinity of the well; but it 
will be understood that a multitude of 
communicating pore cells extend the 
channel indefinitely toward the right 
from the sketch. The wall of an inter¬ 
secting well is assumed to be at the left 
of the sketch. 

Originally, all cells were under uni¬ 
form pressure, and all gas dissolved in 
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the oil but. when release of pressor* 
within the well disturbs the equilibrium, 
one or more gas b u bbl e s form in each 
cell That formed in cell No. 1, nearest 
the weO. promptly escapes to the urefl. 
carrying some of the surrounding aad 
intervening oil with 2l. Release of pres¬ 
sure <lne to evacuation of the gas and a 
part of the oil from call No. 1. creates a 
differential pressure between it and ccfl 
No. 2. 

The gas bubble formed in cell No. 2 
therefore expands and escapes to ccfl 
No. 1. where] it undergoes further ex¬ 
pansion and then escapes to' the wefl. 
carrying with', it a little of the oil from 
cell No. 2 and some of that left in ccfl 
No. 1 after the escape of its original gas 
bubble. In the same way. a bubble of 
gas passes from ceU No. 2 to No. 2. 
thence to No. 1 and to the well carrying 
along some of the oil which fills the 
intercommunicating capillary channels 
with each successive expansion. 

I F the reader will now visualize a chan¬ 
nel perhaps h u ndre ds of feet si 
length, composed of many thousand 
such pore cells, containing bubbles oc¬ 
casionally moving from pore to port, 
accompanied by simultaneous displace¬ 
ment of ofl, be will have grasped the 
modem concept ion of the mechanics of 
gas expulsion. The drainage system of 
a weH consists of a multitude of such 
channels, radiating o u tw ar d in all direc¬ 
tions from the wefl, and co mmu nicating 
with each other, both laterally and ver¬ 
tically. 

The influence of the reduced pressure 
within the well gradually extends out¬ 
ward in aU directions bom the well as 
a center, each pore cell traversed by the 
gas babbles representing a definite pres¬ 
sure loss. Wkp these increments of 
(•ressurc loss build up to a total equiva¬ 
lent to the difference between the “rock 
(gesture" and the pressure within the 
well, the system comes into equilibrium 
and no further movement of gas or oil 
toward the well occurs. This de¬ 
termines the norma] radius of drainage 
of the wefl, and it is apparent that the 
drainage radius under such conditions 
will vary directly• with the differential 
I>etween the maximum rock -pres s ure 
and the pressure maintained within the 
well. 


’For a good explanation of on expul¬ 
sion by occluded gaa expansion. aba 
reader la teferred to that by Mr. S. J. 
Dickey, in -American Petroleum—Sup¬ 
ply and Demand?* pages U-W. TIUs M 
the report of the Cummltem of Eleven. 
American Petroleum lautMUSo. le the 
Federal Oil Conservation Board, pub¬ 
lished in book form by the XcOrnw-HUl 
Hook Co., in August. ISIS. 
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Influence of Back-Pressure on Recovery 

R EADERS of thi« scries of special articles by Prof. Uren. recognised 
authority on oil production practice, arc fortunate in having given them 


4X authority on ou production practice, arc fortunate in having given then 
the fundamental theories regarding natural forces affecting the flow of oil 
in the ground which underlie the present discussion on advisability of legisla¬ 
tion to conserve gas in the ground in oil fields. 

The Uren article* will give the oil man a better basis for discussing the 
issues presented through the introduction in Oklahoma of the hill to force 
operators to hold hack-pressures on their wells. 

With his next article Prof. Urea comes to the subject directly involved 
the influence of back-pressures in securing increased efficiency in od re¬ 
covery. It is only in the last few years, through experiment and research 
work, that the oil industry has begun to learn the effect of natural gas dis¬ 
solved in the oil oo flow of oil ia the ground. 

New discoveries along this line are being continually made. The p u rpos e 
of Prof. Uren. in this special senes, is to keep the practical oil man. too busy 
to do the extended reading necessary to keep up with these new develop¬ 
ments. informed upon new methods and new theories which art to come into 


ments, informed upor new methods and new 
practical use on oil producing properties. 
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density. This relationship preexist a 
convenient meant for determining the 
surface tension of an oil and measure¬ 
ment of the height of rise of oil in a 
capillary tul>e is one of the commonly 
used methods for estimating surface ten¬ 
sion. Other methods requiring more 
elaborate apparatus involve the measure¬ 
ment of the force necessary to pull a 
wire ring of standard proportions up 
through the oil surface, or the determin¬ 
ation of the weight of a drop of the 
fluid as formed under standard test con¬ 
ditions on the tip of a pipette. The 
writer has found the du Nouy Tensio¬ 
meter. which makes use of the ring 
method, a rapid and convenient means 
of making comparative tests on the sur¬ 
face tension of oils. The du Nouy in¬ 
strument is illustrated in Figure 2. 

The various methods for determining 
surface tension do not produce concor¬ 
dant results when applied to |>etroleum. 
proltahly because tin- tension of fluid 
iiiisfures is not constant, liemg influ¬ 
enced to an imimrtant degree by sur¬ 
face absorption, which slowly changes 
with time. The capillary tuhe method 
of measuring surface tension, which is 
slow in operation and gives ample time 
for the surface forces to reach equil¬ 
ibrium. gives consistently lower resnlts 
than ©;her methods. (See Table 1). 

Surface Tension of Crude Petroleu m 

I N view of the fact that the magni¬ 
tude of capillary force, and there¬ 
fore. the extent of capillary retention of 
iietrolcum in reservoir rocks, is directly 
proportional to the surface tension of 
the oil. it will be of interest to conqiare 
the surface tensions of various crude, to 
sec to whal extent this proticrty varies. 
Harvey* has conducted a series of tests 
on oil* from many American fields with 
the aid of the du Nouy Tensiometer, and 
tei'orts the values given in Tabic II. 

A previous article of this series* has 
shown that, on account of the solution 
of large quantities of hydrocarlion gases 
at elevated pressure, the surface ten- 
sum of crude petroleum increases as the 
pressure is increased. It is also knosvn 
that surface tension decreases markedly 
a* the temt»erattire rises. 

Attraction of VnrinnIMitif 

far Crude Petri It am 

considering the capillary attraction 
of |iorous reservoir rocks for oil, it 
is apparent, from the foregoing discus¬ 
sion, that the force exerted will dcjtcnd 
primarily upon the size and shape of the 
sand jiores and the surface tension and 
density of the oil. The first article of 
this series* presented data indicating the 


'tlarvey, K. II.. “n»e Svrfvrr Tension" 
of Crude OMs." Industrial * Engineering 
Cliemlatry. Vok 17. January. I>;., p U. 

"Wee National IVIr»l.ua News, Issue 
of January l«th >»:?. 




of Surface Ti 
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I—J/lesnsoag rise W < 
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probable si/c of the sand pore* for dif¬ 
ferent sizes' of grains, it was there 
shown that lioth the porosity and grain 
size were instrumental in determining 
the size of the pore spaces Itctween 
grains, and that even in sands as coarse - 
as twenty mesh, the minimum cross* 
section of the pore space* is only 0.015- 
sq. mm, or alnvut 02?-mm. in diameter. 

It is known that capillarity is exerted 
by glass-wrallrd tubos on water, only 
when the tube* have a diameter of let* 
than O.SOK-mtw*. In the case of crude 
iwtroleum and silica sands, the maxi¬ 
mum size of |sore owning exerting cap¬ 
illary force i» proltahly somewhat less 
than this, bill the exact value is un¬ 
known. How-ever, research conducted' 
under the direction of the writer by Mr. 
A. H. HI Diirhwi*. has indicated that ur- 
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The capillary force developed was alio 
found to vary with the seed porosity 


which, as has hern previously pointed 
ont. is jtuittly responsible with the size 
of sand grain, in determining the sire 
of the sand pores. The magnitude of 
capillarity increases as the sire oi gram 
and porosity decrease. 

In an effort to drier mine qoantita- 
lively, the magnitude of capillary force 
in rnrk pores of various sizes, El Ditrawi 
performed a series of experiments in 
which the capillary rise of erode petro¬ 
leum in accurately sized, unconsolidated 
sands of known porosity, was deter¬ 
mined* Screened sands of various sizes, 
ranging from 20 to 70 mesh, were com¬ 
pacted in glass tubes to various porosi¬ 
ties and the sand-filled tubes supported 
in a vertical position with their lower 
ends immersed in a reservotr filled with 
crude oik of known surface tension, 
density and viscosity. (See Figure 3). 
After the oil drawn up into the sand by 
capillary force had reached an equilibri¬ 
um position, the height of capillary rise 
of oil its the sand above the surface of 
oil in the reservoir w-as measured. From 
the data so secured, the following em- 
•urical formula was derived : 


275 x T 


a cosine a 


hm m! ml in 


CiP”tD 
In this formula. 

H is the capillary rise in ins-hes. 

T is the surface tension in, dynes per 
centimeter. 

a is the aiigle of contract between the 
oil and the mineral composing the grains 
oi sand. 

C is the specific gravity of the oil. 

P is the porosity of the sand ir per 
cent, and 

D H the mean diameter of the sand 
grains in millimeters. 

•Urrn. L. C_ and D Difrawi. A. H.. 
“Capillary Retention of Petroleum la 
C acoaaol Idated Sauna." Traaeertloaa. 
Ami. In at. Mia Inc A Sfetall. Eagra. 

r«k 2 * 17 . 


This formula permits of some inter¬ 
esting deductions and applications. It 
shows, for example, that porosity is the 
most important factor in determining 
the magnitude of c apil l a r y force. The 
surface tension and specific gravity of 
the oil and the size of the sand grains 
are factors of lesser importance than 
porosity. The investigation also indi¬ 
cated that the viscosity of the oil is not a 
factor in determining the magnitude of 
capillary retention. 

In discussing gravitational drainage 
of oil from sand, in the previous article 
of this series, it was explained how a 
zone of oil-saturated sand in the bottom 
of the productive stratum, is left no- 
drained by normal processes of rec o very. 
This layer of undramed sand is com¬ 
posed of two parts: that beVrw the 
"angle of repose.** which contains oil be¬ 
yond the influence of gravitational 
drainage, and that above, comprising a 
body of sand which was described as 
the “zone of capillary retention.** a zone 
which remains saturated with oil by 
operation of capillary force.* 

The thickness of the zone of capillary 
retention is equivalent to the height to 
which the oil would rise in the sand un¬ 
der the influence of capillary force, and 
may. therefore, be computed with the 
aid of formula (2) given above. Apply¬ 
ing the formula, for example, to an oil 
having a surface tension of 2S-dynes per 
centimeter (measured by capillary tube 
method), and a specific gravity of 0.95, 
in a sand having a porosity of 20 per 
cent and an average grain size of 02- 
mm.. we find that the capillary rise. H, is 
363-mches. These arc not abnormal 
values, and the result of the computation 
indicates that a zone of sand three feet 
thick is left saturated with oil, held by 


*»M rigur* I oi Uve second art Vela of 
thin wrlw. National Petroleum Maw a. 
January 1777. 


9. 1927 


69 












































finite thickness 
. of the Hffid 


tend pun and exami ni ng the b^. 
meets under the microscope. (Set 





Ffirt S). 

The writer has performed a scries «f 
tests designed to in dicate the quantity 
of od that may be retained on and with, 
in sand grams in this way. Ia then 
tests, small pieces of varioos oommm 
sand-forming amccals, about aa inch ia 
diameter, were ground to smooth gar- 
(aces of gcomttncal form so that their 
surface areas coold he closely estimated 
by actual measurement. The spedmem 
thus prepared, were carefully ti righit 
and then dipped in crude pet role am. On 
removal from the oil, the surplus laid 
was permitted to drain away from the 
specimens by supporting them for tea 
minutes on pin points. The iprriimw 
were then again weighed, and the i». 
crease in weight doe to the retained if 


interlock, or become "rooted” into thoae 
of the solid m ine ra l 1 There is good 
cuM tn c e indicating that most apparently 
solid surfaces hare, in reality, a loose 
molecular structure that readily per¬ 
mit* fluids to enter. Quartz, marble, 
parerlain and ocher minerals are easily 
stained by of, and the stain is not merely 
a surface coating, but extends to 
■wasnrihli depths. 

Sand that has been in contact with 
of feds "greasy," though the surface oil 
may hare been completely removed by 
solvents; and if subsequently br ought 
into contact with od. the mineral wiB 
greedily retain it. On the other hand, it 
cannot be readily wet with water. It 
seems probable that tbc sab-surface 
pores of tbc mineral may retain a fluid, 
even tboagh the surface is apparently 
free of k. 

The writer has made microscopic 
studies of broken fragments of pebbles 
of various minerals which were pre¬ 
viously coated with a thin film of ofl, the 
surplus od being permitted to drain away 
and tbc film to be c ome practically dry 
by contact with air before tbc pebbles 
were broken. Under the m i c r o s cope, tbc 
minute "roots" of the od film extending 
into tbc mineral surface, arc clearly vis¬ 
ible. varying in depth and.character with 
the crystalline texture of the mineral 


K NOWING the density of the od ad 
the sorfacel arras exposed to the af. 
the volume of oil per unit of exposed aaaer- 
al surface was then computed. Amman* 
that the od retained was distributed aa 
and within tbc mineral surface in a bpr 
of unifarm thickness, the oompms i 
thickness of theod coatings varied uritk 


aod ftlR-mnu, tl 
obtained for > 
California crude 
for IS* Kern Hi 
hornblende. 


volume of oil that would be thus n> 
taiaed on and within the grain surfaces 
in sands of varton* mesh. In the first 
article of this icries,* the writer hm 
given estimated values for Use surface 
areas presented by sand grams of if- 
ferent mesh, per cubic foot of aaai 
It was shown, for example, that a cubit 
foot of 2&-mcsh sand presents a graia 
surface of 2166 square feet to tbc od. II 
we assume that the oil coat mg left <n 
and within the gram surface is OuOS-mHL 
thick, the total vo l ume of od so fo* 


*A <*oatrlV»tto» to tlw 
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ciatd «• a cakic foot of nai aarfd |> 
• If cwfac ft. Finer framed m4.|n. 
mtkf i pnt(r i w fm to the 
aoaM retain a atil fwa t et 
A forty-eight ank usd. far om^ 
aroaM lac capable of rrtainiag OSki fc 
of oil per cakic foot of nitnor pf 
It should be aottf that o3 so retained «a 

m 4 an i hin the nod grams, is oot pua- 
fadklc by ord ina ry Methods of rBcamy. 
It ta a c o tap u o an t of the oil coa tsnt «f 
the sand that is separate and Mk 
front that stored withm the para 
b etween sand (trams, from which «c 
4ffiff mf pr o ducible oaL 

Hardy and Nottagc developed a meth¬ 
od far ascasuring the adhesive farce be¬ 
tween fabricating oft and mineral sub¬ 
stances. and hare determined refa ti ee 
values for various oils and mineral sub¬ 
stances.* It is reported that the ad¬ 
hesive force varies with the -character 
of the mineral substance, hot far my 
given substance, is directly prrginrtiaaal 
to the molecular weight of the od, md 
decreases in a straight-line relationship 
with te m per a ture. 



I N the previo u s article o( this wig 
it was shown that the drainage tys- 
l cm of a well assumes the farm of a at¬ 
titude of pore channels, radiating p- 
ward thropth the r e s ervoir sand in ri 
d irect toot from the wefl as a center. 01 
and gas move through these channel s tw 
ward the weO in the form of minute pa 
b abbits alternating with slender Mo¬ 
ments of oiL Irrespective of the char¬ 
acter of the rxpcttmg force, whether ft. 
he expanding gas, hydrostatic presume 
or gravitational farce, mov e ment of tftt 
fluids is resisted by: (a) friction of the 
oil and gas on the rock material fdtnfa 
the walls of the channels; (h) interwf 
friction of the oil i n overrn ming'iU via- 
corn y; (e V the resistance offered by the 
gas bubbles to deformation in pasemfl 
t hr o ug h restriction s in the flow chaaad: 
and (d)_the ca^r^^ag of the mmMt 
openings through which the oil anal 

Considering that pressure is applied is 
varying d eg r ee throughou t the e nt i re 
length of eoch drainage channel, and that 
energy ia t ons —lt d in so many different 
ways in accomplishing mo vemen t of the 
oft, accurate determination of the resist¬ 
ance to flow becomes a most compter 
p robl e m. Indeed, no formula has yet 
been devised which adequately c ap e se ats 
the relationship of aB of the variahtte 
influencing flow resist once; nor does one 
seem worth striving for. since the ir¬ 
regularities of g eologic structure and 
Kthologic texture would seem to defeat 
the practical application of mathematical 
principles. 


It it never t hele s s of in tere s t to formu¬ 
late the variables inflncncing od' flow 
t h rough the reservoir rock, if only to 
develop the relationships e x i sti ng be¬ 
tween -thcni. A notable effort toward 
this end has been made by King* aad 
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C b a constant. 

It thonld perhaps, be pointed out. Uut 
thesc equations are applicable only to 
condkions io which the oil is “dead," that 
iv ark boot occluded gas bubble*. They 
do not inclndc the additional pressure 
loutt result inc from the distortion of 
gas babbles and in overcoming capillary 
“dra*." 

WMe tach formulae arc of donbtfal 
practical utibty. they are nevertheless of 
Taloc in demonstrating the relative ef¬ 
fects of the several variables on oil Sow. 
For example. fonnola (4) shows that the 
flow of oi from the re ser voir sand into 
a wed varies: 

(a) Directly as the effective pressure. 

<b) Directly as the thickness of the 
p ro d uc ti v e said, 

(c) Directly as the square of the mean 
diameter of the saad (tains, 

(d) Directly as the three and three- 
tenths power of the sand porosity, 

(e) Inversely as the absolute viscosity 
of the oil, and 

(0 Inversely as the logarithm of the 
value of the ratio of the drainage radius 
of the well to the radios of the wdL 
This is equivalent to saying that the sate 
of prod net ion of the weO dec r ea s e s as 
the distance over which the od is to be 


channels impinge opon each other and 
merge, necessitating more rapid move¬ 
ment of the fluids near the walls of the 
well than at remote points. 

The writer has shown that the rate of 
flow of the od in the reservoir sand 
varies inversely as its distance from the 
axis of the wen. - Consideration of the 
Figure 6 will demonstrate the essential 
truth of this statement. In this figure, 
a horizontal, wedge-shaped segment of 
the drainage area of a well is shown. 
Let it be assumed that the well is six 
inches in diameter, and that it is effec¬ 
tive in drawing oil from a circular area 
600-feet in diameter, with the well as its 
center. Let it be assumed that the area 
ABCD. intercepted by the segment on 
the walls of the well, is one-inch square. 
It is apparent that the area EFGH in¬ 
tercepted by the same segment oo a 
cyhndrr 30-fevt in diameter, having the 
axis of the wed as a center, would he 
forty times as large; that is. k would in¬ 
tercept an arm of 40-square inches. 

Since approximately the same quantity 
of oil must flow through each cross- 
section. k is dear that the oil is flowing 
forty times as fast at the wall of the 
wvfl as k is at a distance of ten feet 
from the well axis, and the pressure loss 
would vary proportionately. la section 


T HIS article presents the principal 
known fafts con cernin g the forest 
which are responsible for the re t tati oa 
of petroleum-in r es ervo ir rocks. The 
mode of operation and effects of capi- 
larity, grain adhesion and saad frict i on ia 
limiting the rate of oil flow and effici¬ 
ency of recovery, have hem briefly ex¬ 
plained. This paper, together with the 
first two articles of this series, c oo d nd w 
a brief study of the factors ini uenriag 
the drainage of oil'from r es ervoir racks 
into wells, insofar at they have bees 
disclosed by recent literature and re¬ 
search. The topics discussed in these 
three articles arc of fundamental im¬ 
portance ia determining appropriate 
methods of well control and operation, 
and in devising and applying more effici¬ 
ent methods of oil recovery; topic* with 
which we shall be concerned in later 
articles of this teriea. 

The next paper, which will deal with 
the influence of hack-pressure in so- 
curing increase^ efficiency in oi recov¬ 
ery. will appear in an early issue of Na¬ 
tional Petroleum News. 


diameter of the well increases.* 

No discussion of the mathcamtical and 
physical principl e* governing tM flow of 
oil through s and s would he complete, 
without r eference to th* work of Hr. & 
C Herald. We have already had oc¬ 
casion to refer to some of Mr. Herald's 
conclusions, but the writer again wishes 
to call the attention of the reader to the 
wealth of material relating to our pres¬ 
ent topic that is embodied m Mr. 
Herald’s articles.** 


Kate efl Off Flew Varies with Distance 
From the Wefl 

C ONSIDERATION of formula (S). 

covering channel flow, shows that 
the pressure lose—which is a measure of 
the mad resistance—is directly propor¬ 
tional to the rate of flow; and with a 
given rate of flow, doubling the pressure 
doubles L the length of the seed 
column, or the distance over which the 
oil will flow. When we consider radial 
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P! Ex. K 

Effect of Dissolved Gas upon the Viscosity and Surface 

Tension of Crude Oil 

Br C. R Beecher* and I. P. Parkhurst,* Bartlesville, Okla. 

A 

In the course of the experimental and development work of Henry 
L. Doherty in an endeavor to obtain an increased yield of oil from oil¬ 
bearing sands, it was Mr. Doherty's claim and contention that oil 
in an undisturbed pool was different in character and behavior than the 
same oil when raised to the surface of the earth, and that the gas dissolved 
in the oil caused a marked reduction in its viscosity and surface tension. 
Prior to 1924 no information to support this contention could l>o found 
in the literature or by a discussion of the subject with technical men in 
Government and private laboratories. So far as could be ascertained no 
experimental work had been carried on to indicate that Mr. Doherty’s 
claim was either right or wrong. All parties consulted agreed that 
( the viscosity of the oil would be affected by gas dissolved therein to the 
extent that natural gasoline was present in the gas, but so far as could be 
determined any additional effect of the natural gas was unknown. 

Accordingly, it was necessary' to devise equipment and carry' on 
experiments which would either prove or disprove Mr. Doherty’s conten¬ 
tion or claim. Such apparatus was built under Mr. Doherty’s direction 
and experiments were carried on to determine definitely the viscosity and 
the surface tension of the crude oils which contain dissolved gases under 
different pressures. The results of the experimental work carried on have 
proved that the claim and contention of Mr. Doherty were correct in 
every particular, as will l>e seen from the discussion of the subject and 
the data contained in this paper. 

Reduction of Viscosity by Dissolved Gas 

At a pressure of 500 lb., and a temperature of 70° F., it was found that 
a natural gas such as is associated with the oil would reduce the viscosity 
about 50 per cent, when a given crude oil was saturated with the gas. 
Increasing the pressure another 500 lb. could not l>e expected to reduce 
the viscosity the remaining 50 per cent. However, some reduction in 
viscosity would take place as indicated by the curves showing the relation 
between pressure and relative viscosity. Pressures of 1800 lb. may exist 
at depths around 4100 ft. and at present a large amount of oil is being 

• Production engineers. Empire Gas & Fuel Co. 
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•>2 EFFECT OF DISSOLVED GAS UPON CRUDE OIL 

I 

• 

produced from much greater depths. Under such pressures sufficient gas 
might dissolve in the oil to make the viscosity almost equal to that 
of kerosene. 

Viscosity is the most important physical quality of oil which retards 
its flow through a pipe line or through the small irregular openings of 
the average oil sand; therefore, if some method of producing oil can be 
devised such that a major portion of the gas will remain in solution and 
the oil retain its fluidity it is possible that the volume of oil recovered 
from the sands can be greatly increased. 


Reduction of Surface Tension 

4 The surface tension of crude oil is reduced by dissolved gas. The 
results of experiments with two different crude oils saturated with gas 
at pressures from 400 to 500 lb. indicate a reduction df approximately 
20 per cent, in the surface tension of the oils. 

Many of the small openings in an oil sand are of capillary size and hold 
a large percentage of the oil which is not recovered by present production 
methods. As the dissolved gas escapes from the oil the surface tension 
increases and likewise the capillary' force which holds tHe oil within the 
sand. We are not prepared to say that surface tension is the only factor 
that holds the 80 per cent, of the original oil in the sands. If, however, 
siii See tension should be the only force and if by keeping the gas in solu¬ 
tion the surface tension could be reduced by 20 per cent, then we might 
expect an 80 per cent, greater ultimate recovery from the sands. 

A great volume of oil must flow through the sands at a rapid rate and 
for some distance to account for the large production of some wells. The 
expulsive force of natural gas dissolved in and associated with the oil, 
the rock pressure, the reduction in viscosity due to increased earth 
temperature's and other factors do not alone offer an explanation of the 
large gusher wells. It is believed that the flow of oil through the sands in 
such large volumes is only possible because of the reduced viscosity and 
surface tension of the oil resulting from the gas in solution. 

It is the purpose of this paper to give some of the result^ obtained from 
the experimental work on the solubility' of gas in oil under pressure and 
the changes in the viscosity and surface tension of the oil. The authors 
wish to acknowledge the many helpful suggestions offered by-A. W. 
Ambrose and Robert G. Griswold. 


Method and Apparatus for Determining Solubilit| of Gases in 

Oils 

The apparatus used for determining the amount oi &as dissolved in 
oil under pressure is shown in Fig. 1. It consisted essentially of a large 
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54 EFFECT OF DISSOLVED GAS UPON CRUDE Oil# 

cent, methane, while in curve 2, the methane content of the gaa was 
82.5 per cent. 

All analyses of natural gas referred to in this paper were made by tile 
combustion of the gas in an atmosphere of oxygen.- The results, there¬ 
fore, do not represent the true amount of methane and ethane {Resent, 
but do show i whether the light or heavy hydrocarbons tend to 
predominate. 



Flo. 2. —SOLUBILITY OF VARIOUS GASES IN CRUDE OILS UNDER PRESSURE AT 70° F. 

Curve* 1. Natural gas No. 1 in Oklahoma crude oil.—35.4° A. P. I. 

Curve 2. Natural gas No. 2 in Oklahoma crude oil.—35.4° A. P. I. 

Curve 3. Natural gas No. 1 in Oklahoma crude oil.—30.2° A. P. I. 

Curve 4. C:\rlwn dioxide in Oklahoma crude oil.—30.2° A. P. I. 

Curve 5. Hydrogen in Oklahoma crude oil.—30.2° A. P. I. 

Curve 6. Air in Oklahoma crude oil.—30.2° A. P. I. 

Curve 7. Natural gas No. 2 in Oklahoma crude oil.—30.2° A. P. I. 

Curve 8. Natural gas No. 2 in Bradford crude oil.—44.3° A. P. I. 


Analyses of gases 


CH« 
C.lh . 

CO;.... 

O s . 

Residue 


No. 1 No. 2 

Ph Cent. Pee Cent. 

52.0 82.5 

39.0 5.5 

1.2 5.9 

0.4 0.3 

7.4 5.8 


For any given gas, the volume that will be dissolved depends upon the 
character of the crude oil, if other conditions are constant. The lighter 
gravity oils dissolve more gas than the heavier oils. This is illustrated by 
curves 1 and 3, Fig. 2. These curves show a difference in solubility 
of approximately 20 per cent, for the same gas in oils of 35.4 and 30.2° 
A. P. I., respectively. As a further example, curves 7 and 8 show a 
difference of approximately 32 per cent, in the solubility of the same 
gas in two different oils. 
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Solubility of Other Gases ln Crude Oils 

A few experiments were conducted to determine tl|c solubility of 
gases such as carbon dioxide, hydrogen and air in crude oils. Carbon 
dioxide was found to be more soluble than natural gas, while hydrogen 
and air are only slightly soluble, the hydrogen being less soluble than the 
air. Curves 4, 5, 6 and 7 in Fig. 2, show the relation be^ ween the pres¬ 
sure and the volume of gas dissolved in the same crude oil for carbon 
dioxide, hydrogen, air and a dry natural gas, respectively 
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Fl<;. 3.—SOLUBILITY OF NATURAL GAM IN A CRUDE OIL AT DIFFERENT ^KMPKRATURES. 

For this particular oil the gas was found to be approximately four 
times as soluble as air, but only one-third as soluble as carbon dioxide. 
A similar ratio will probably apply to other crude oils. 

Since the experiments referred to in this paper were completed, Dow* 
and Calkin have conducted a scries of experiments to determine the solu¬ 
bility of a practically pure methane gas and of air in various crude and 
refined oils. The results of their work sustain those given in this paper. 

Rock Pressure and Volume of Dissolved Gal 

Rock pressures of 1000 lb. per sip in. or greater, are not uncommon in 
many oil fields, and at such pressures, the volume of gas dissolved in the 

1 D. B. Dow and L. P. Calkin: Solubility and Effects of Natural Gjis and Air in 
Crude Oil. Rjtt. of Inrtxtiyations, Bur. Mines, Ser. No. 2732 (I'cb., 192t>). 


76 


I 

I 


5762 Doherty vs. Robertson 


62 


5»i kffect of dissolved gas upon crude oil 

oil should be at least twice as great as that obtained from the laboratory 
experiments Hth pressures around 500 lb. per sq. in. Table 1 has been 
prepared to show the cubic feet of gas dissolved in a barrel of oil at pres¬ 
sures from 300 to 1000 lb. per sq. in. 


Table 1. —Cubic Feet of Gas Dissolved in a Barrel of OH al Different Pressures 


Ga|e Prewure I-b./Sq. In. 

Oklahoma Crude 30.3* A. P. X. 

Oklahoma Ctuda 35.4* 
A. P. L 

| Gaa No. 1 

i 

Gaa No. 2 

1 

Air 

. | 

CO. I 

. 1 

i 

! Gaa No. 1 

1 i 

| Gaa No. 2 

300 


46.5 

12.3 

161 

71 

54 

' 500 


77.5 

20.5 

276 

118 


1000 


155.0 

41.0 

563 

> 


180 


Note. - See Fir 2 for analyses of casern. 



tiu. I. — Solubility of natural oas in an Ok LAgOXA crude oil (36.6* A. P. I.) 

*ND IN ITS REFINKD PRODUCTS AT 76“ K 


Analysis of gas 


<'urvc I. ( 'rude oil . Pc* Curr. 

< *urvo 2. ( »:isoIinfi! ('H«. 82.5 

<*urve3. Krrosene. C' : H|. 5.5 

(’urvc 4. " fag u'rh— ' CX)j. 5.9 

< ’urvc 5. f url oilT* O*. 0,3 

(’nrvi* 6. ( onijiositc curve. Residue. 5.8- 


Kffect of Temperature on Solubility of Gas in Oil 

i 

other conditions remaining constant, the quantity of gas that will 
lissolve in oil dci>ends upon the temperature. The relation between 
iressurc and the volume of natural gas dissolved in a crude oil at various 
teni|H'ratures from 50 to 110° Y. is shown by the curves in Fig. 3. As the 
temperature increases the amount of gas that can be dissolved in the oil 
decreases, but even at the higher temperatures, large quantities of gas 
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other products. This experiment again demonstrates that natural gas 
is more soluble in the lighter oils. 


Apparatus foe Determining Viscosity of Crude Oil 
Containing Dissolved Gas 


The viscosity of crude oil is commonly determined by the Saybolt 
viscosimeters This apparatus, however, is not designed to measure 
viscosity under pressures other than atmospheric; therefore, to determine 
the viscosity of oils containing dissolved gas under pressure, it was neces- 







Fig. 6 .- 


-DlAGRAM SHOW1NQ DECREASE IN VISCOSITY OF CRUDE OILS CONTAINING GASES 

DISSOLVED UNDER PRESSURE. 

Curve 1. Natural gas No. 1 in Oklahoma crude oil.—30.2° A. P. I. 

Curve 2. Natural gas No. 2 in Oklahoma crude oil.—30.2° A. P. I. 

Curve 3. Natural gas No. 2 in Oklahoma crude oil—35.4° A. P. I. 

Curve 4. Natural gas No. 1 in Oklahoma crude oil.—35.4° A. P. 1. 

Curve 5. Carbon dioxide in Oklahoma crude oil.—30.2° A. P. I. 

Curve 6. Hydrogen in Oklahoma crude oil.—30.2° A. P. 1.! 


Analyses of gases 


cii«.... 

C*H«... 
CO*.... 

o*. 

Residue. 



sary to construct a viscosimeter that would operate under, high pressures 
Tig. 5 shows the details of the pressure viscosimeter used. It was oper¬ 
ated in the following manner: I 

A fixed quantity of oil was placed in the apparatus through valve F, then gas wai 
troduccd under pressure through the same valve, and the apparatus agitated anti 
c oil whs completely saturated. The ' mperature was controlled by means of * 
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constant temperature bath in vhich the entire apparatus was placed. To obtain the 
viscosity the apparatus was inverted until the oil had drained into chamber .4 through 
tube B. It was then inverted and the oil in chamber A started to flow through capil¬ 
lary tube C into the bottom chamber. The time required for the fluid level to rise 
from mark D on the lower gage glass to mark E on the upper glass was taken. This 
time can be converted into Saybolt seconds by means of a calibration curve giving the 
relation between the Saybolt time and the pressure-viscosimcter time. 

By m e a n s of tube B the pressure is equalized throughout the apparatus. This 
tube is much larger than the capillary tube C and thus permits the oil to flow readily 
into chamber A whpn the viscosimeter. is inverted. Capillary tube C is H «-->»• 
diameter and 2 in. long, and is drilled through a solid piece of brass as shown in the 
detail sketch in Fig. 5. 

Effect of Dissolved^** Viscosity of ^ Crude Oil^ 

The viscosity of crude oil is greatly reduced when the oil contains 
gas in solution. The decrease in viscosity depends upon the amount of 
gas dissolved in the oil if other conditions are constant. An oil with high 
initial viscosity will show a greater relative decrease for a given amount 
of dissolved gas than one with a lower initial viscosity. 

Fig. 6 shows the relation between pressure at which various oils 
were saturated with various gases and the percentage decrease in vis¬ 
cosity of the oil. The viscosity decreases with an increase in pressure 
because more gas is dissolved at the higher pressure. Curves 1 and 2 
are for the same oil but with a different gas in solution; the same is also 
true of curves 3 and 4. Under the identical conditions, the gas dissolved 
in the oils as shown by curves 1 and 4 is more soluble than the gas dis¬ 
solved in the oils for curves 2 and 3, and therefore at the same pressure 
produced a greater reduction in the viscosity of the oils. 

Curves 2 and 3 indicate the reduction in viscosity that resulted when 
the same gas was dissolved in the different oils. The gas is more soluble 
in the oil for curve 3 than in the oil for curve 2, but the reduction in vis¬ 
cosity is less. The initial absolute viscosity of the oil for curve 2 is 
approximately 3H times greater than that for the oil of curve 3. 

Curves 5 and 6 show the reduction in viscosity when carbon dioxide 
and hydrogen, respectively, are dissolved in the same oil. Carbon dioxide 
is extremely soluble and therefore produced the greatest reduction in 
viscosity at a given pressure. 

Effect of Dissolved Air 

An effort was made to determine the effect of dissolved air upon 
the viscosity of an oil. The results were not consistent. In some tests 
the viscosity was slightly reduced and in others, increased. The increased 
viscosity may be due to oxidation of the oil when in contact with the air. 

Dow and Calkin 2 found that the viscosity of two oils with which they 
experimented was increased when containing air in solution and in one 

D. 15. Dow and L. I*. Calkin: Op. cit. 
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DISCUSSION 


63 


were made with the oil saturated with various amounts of gas. The 
relative surface tension was determined by the height to which the oil 
would rise in the capillary tube. The absolute surface tension was 
determined by calibrating the capillary tube with a liquid of known 
surface tension. 

Effect of Dissolved Gas on the Surface Tension of Cbude Oil 

The surface tension of crude oil is reduced by dissolved gas. Fig. 9 
shows the relation between the volume of gas dissolved in two different 
oils and the surface tension in dynes per cm. These curves are approxi¬ 
mately parallel. The difference appears to be caused by a variation 
in the initial surface tension. The relation between percentage reduction 



Fig. 10.— Diagram showing decrease in surface tension of crude oils 

CONTAINING NATURAL GAS DISSOLVED' UNDER PRE8SURE (COMPOSITE CURVE'). 

in surface tension and the volume of dissolved gas for both oils is shown 
by the one curve in Fig. 10. This indicates that equal volumes of the 
same gas dissolved in each oil caused the same relative decrease in sur¬ 
face tension. Insufficient information is available to justify drawing 
any such conclusion. 

I 

Relation between Surface Tension and Recoverable Oil 

I 

A large percentage of oil which present production methods fail to 
remove from the sands is held by capillarity. As the gas dissolved 
in the oil escapes, the surface tension is increased and, likewise, the 
capillary force which is a measure of the surface tension. If this increase 
in surface tension could be prevented during the process of extracting oil 
from the sands, a greater volume of oil should be recovered 

DISCUSSION | 

I 

J. R. McWilliams,* Tulsa, Okla. (written discussion).—Those of you who are not 
acquainted with the meaning of the-terms “critical velocity,” **viscous flow*,” and 
“turbulent flow,” I would like to refer to Prof. L. C. Urcn’a book, “Petroleum Pro¬ 
duction Engineering,” Chap. 1$, p. 545. . 

• Petroleum engineer, Skclly Oil Co. 
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Table 4. - Solubility of pro sur e madia In 
Oil UNd 


Prestore medium Solubility 



25 lbs. 

per sq. In. gage 

50 lbs 

. per eq. in. gsge 

Bellta 

0.3 cu-. ft. per bbl. 

0 77 

on. ft. per bbl. 

Air 

1.5 

■do 

3.0 

do 

Dry gas 

M. 

do 

9.5 

do 

Propane«4ry gas mixture 

17.0 

do 

34.0 

do 

Propone 

157.2 

do 

*07«9, 

do 
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Table 5. - Comparison of propulsive effects of-different gases Injected at 
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INDUSTRIAL AND ENGINEERING CHEMISTRY 


VoJ. 23. No. I 


V 


Solubilities of Gases in Li q uids at High Pressur e' 

Far K. Frottck,* L J. Tauch. J. 3. Hogan, and A. A. Nr 


: -V 


L ■fUTHU'T W < 


i laarmrra o* T ui urwr, Caimow, M>a 


T IE application of high pressures to industrial processes 
ha* led to engineering operation* that frequently re¬ 
quire a knowledge of solubilities of gases is liquids at 
pre aa urea higher than thoae for which auch data ordinarily 
are available. Example* of thin type are the reparation 
of f re* by preferential! aolution in a auitable scrubber liquid 
and the condensation of vapor* in the presence of non-coo- 
!*re*. Occasionally alao the rate of a chemical 
l in the liquid phare is controlled by the solubility of a 
gaseous reactant. 



Since there data did not permit of any generalisation as 
to the behavior of other combination* of gaaea and liquid^ 
a aysteznatic study of the subject wa* undertaken. This 
work involved solubility determinations for a number of 
the common industrial gases in a variety of solvents, covering 
a wide range of pressure but limited to room temperature. 
1 Yduninary experiment* by Sunard and Sturzniclde (7) on 
methane, nitrogen, and hydrogen in water and a aeries of 
alcohols gave results which showed in a qualitative way that 
tlie solubilities in such systems cair.c clone to being straight- 
line functions of pressure. 

Experimental Procedure 

Moat of tlie solubilities were determined by saturating the 
liquid with gas at suitable interval* of pressure and measuring 
tire ratio of solute to solvent in a sample drawn off for analysis. 
To this end a small amount of solvent was introduced into 
an evacuated steel cylinder of 2 liters capacity. The gas was 
then forced in at the highest pressure available and the 
cylinder agitated in a water bath maintained at 25* C. After 
tlie pressure had become constant, the cylinder eras taken 
from the l«tli and inverted in a vertical position for with¬ 
drawal of a sample of the solution. The liquid and the gas 
separating from it on release of the pressure were collected 
over mercury in one of three burets, so designed that the 
volume* could be measured with the same degree of accuracy 
at any ratio of gas to liquid. 


The determinations of Larson and Black (51 on nitrogen 
and hydrogen in liquid ammonia, and Utoee of Wroblewski 
(0), Sander (i). and Hachoel (5) on carbon die-title in water 
and some organic solvents teem to be the only data on gas 
solubilities at real high pressures available in the literature. 
Finiavson (5), in attempting to develop a method of separat¬ 
ing oxygen and nitrogen in air, studied the behavior of these 
gases toward various solvent* at pressure* not exceeding lfiO 
pounds per square inch (10.9 atm.); and the solubilities of 
air and natural gaa in keroaeae, mineral seal oil. and various 
crudes haw been determined by Dow and Calkin (/) at 
preaaurea up to 350 pound* per square inch (23.8 atm.) 
Larson and Black'* data show that the amount of nitrogen 
and hydrogen dissolved in liquid ammonia is roughly pro¬ 
portional to the pressure up to 150 atmospheres In the 
case of carbon dioxide, however, the linear relationship breaks 
down after the pressure ha* exceeded a few atmosphere^ and 
thereafter 'he solubility is lower or higher than that calcu¬ 
lated from the atmoaphenc data according to the solvent 
used «). 

• l-S-S M«rrV t. 2SSI fnMS Mm tM Dl-rl.i— W I*. 
SaMrtal nl txwix C S fil m y uttells MmM* iftkAi 
«>». I M.Mp-H. la* . Wares » I* **rfl S. INI 
wt illna. -Va n am D»-»Upi«at Cs . XiinMk. N J. 



Wills tiptnwaul tresr 


IW i 

t.*(U>«aoluMbtlvaiaa 
1 kauaal. sad I 


When the solvent was liquid at room temperature, as was 
usually the ease, the two volumes were read directly and 
corrections made for the vapor pressure of the bquid and the 
atmospheric solubility of the gaa. Since the liquid 
atomised by tlie sudden ml esse in pressure, co m plete i 
ration of solute from solvent occurred without any ago of 
*uperseturation. and it was only necessary to wait for drain¬ 
age of the liquid before the volumes could be lead. If the 
whole sample was in the gas phase, it was analysed in an 
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Division of Production 


at this mid-year mm mg.* Our committee hat approved 
Wescott’s report with the re c o mm endation that the mate¬ 
rial* and methods described by him should pot be used on too 
i large a scale at first. They should be used gradually, and 
probably some machinery set op to observe the results 
obtained. 

Regarding future work of the co m m i tt e e, a suggestion was 
re c e i ved that certain work now under way in certain labora¬ 
tories be carried on under the auspices of a joint committee 
from the committee on metallurgy and the c o mmi ttee on 

* “ Hard Surfaced Rotary Bits.** Blaine B. WcacoM (are preceding 
lagra of tbn bulletin). 


corrosion. This proposed work b an i nvestig a tion of low- 
alloy steels for corrosion-resists nee and corrosion-endurance 
pr o perties. The matter was discussed with re pr es en ta tives 
of the corrosion co mmi tt e e, and it was suggested that any 
reports on tins investigation, before presentation to the Insti¬ 
tute; be subject to the approval of the corrosion comm i ttee 
w hich has a special sub-committee on materials. However, 
in discussing laboratory investigation on other metallurgical 
subjects, it was agreed that the committee on metallurgy con¬ 
tact such projects w h ere v er possible, and. based on the merits 
of the results of the particular investigation, should spow o r 
their prese n ta tion and discussion before the Institute. 


Topical Committee on Development and Production Research 

Donald E. Dickey, Chairman + 


A meeting of the Institute’s production research commit¬ 
tee was held in the Baker Hotel on Tuesday, June 2. at which 
time the proposed Institute program for research was di»- 
cussed at some length in an effort to determine the best 
means by which the committee might aid in the continuation 
of research by the Institute and by individuals, public insti¬ 
tutions or operating co m p a nies. 

It was generally agreed that a function of the production 
research committee » to encourage and assist research by 
individuals, institutions or operating companies in an ad¬ 
visory. but not supervisory, capacity. 

With this idea before the committee, the following plan 
was outlined for future work: 

1. Each district will make a survey of the research 
work being carried on by operators or public inst i t uti on s , 
and report such survey to a central agency. 

2. This central agency (which for a time may of neces¬ 
sity be the national chairman and one or two other indi- 

f Broderick end Basron Rupc Co.. La> Angeles, Calif. 


viduab) will attempt to analyze the data s u b mitt ed, and 
retain to all districts a summary of work un d er way or 
proposed. If it is found that several individuals art 
working on the same phase of * problem, an attem p t 
will be made to suggest such c han ges as are nectaaaxy 
to broaden the scope of the re s e ar ch. 

1 It is proposed to co n c en tra t e on thote p roble ms only 
which were chosen at the Chicago convention as matt 
active and which were recently discussed by the adviaory 
research co mmi tt ee on occurrence and recovery of 
petroleum. 

It is planned to develop a definite procedure for o b tainin g 
progress reports from each district, so that the Institute any 
be kept informed on the activities of the committee. 

W. N. Lacey presented a progress report oo Institute Re¬ 
search Projects 36 and 37 dealing particularly with the study 
of rate of solution of gas in oil. 

Definite and valuable progress has been made in das work, 
and continuation of these projects is already outlined for 
immediate action. 


EXPERIMENTS OX RATES OF SOLUTION OF OIL AND GAS 


William N. Lacey $ 


I probably may be kicking over the traces this evening in 
not p r epar ing a set paper of any sort. It seems to roe the 
sort of thing you might be more interested in woold be an 
i m pro m ptu running report of what we have been doing on 
American Petroleum Institute projects at the California 
I n st i t u te of Technology at Pasadena. 

This work started several years ago. I had the pleasure of 
being present at an inteie stim r mu.tiug at Ponca City just 
about the time we were starting this work, and there was a 
good deal of discussion on methods of pro du ct i on at that 
time I was very moch impressed with the facts which were 
known and the facts which were not known with regard to the 
process of repressuring. I came away from that meeting very 
firmly convinced that probably the subject on which there 
was the least information available was with regard to ooe 
particular phase of the repressuring process. We had some 

t California InrtMme Trckimloo. T'ludnu, Calif. 


information as to the effects of dissolved gas on the properties 
of the oil which was su ggesti v e and interesting. 


Effect of Dissolved Gas oo 


ics of Oil 


It seemed to me that, in the reprissuring process, there are 
two factors we need to consider. The first is the mas im a m 
quantity of gas which can be put into a for ma t i on, related to 
the total solubility under gi ven conditions; and, second, there 
is the time in which you can hope to get a given quantity in 
solution. I do not believe that there is any record available 
concerning the rate of solution of gas in oiL 
We know, at least approxi ma tely, what the result may be in 
respect to changes m properties, but to get those effects we 
have to wait until the gas is dissolved; so I arts convinced— 
and some of the Americ an P etrole u m Institute men agreed— 
that the work which was most needed then was some determi¬ 
nations of the rates of solution. 
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Later, it was requested that oar Project 37 include, as well, 
work on solubility and the viscosity effects ox dissolved gas. 
Project 35 (later danced to Project 36) eras to determine 
the effect oa surface tension. We have been workinc on these 
phases to a certain ext e rn. 

i 

Work Started with Rcpressariag Point of View 

I eraxtt to make it dear that the point ot view with which 
we started this work eras that ot represturinc- In opr work 
an rate of solution and oar work oa solubility, ere work e d 
from the ancle of the dissolving of a given gas in a gi v e n oil 
material. That is a somewhat diff erent direction from any 
that has been used before in solubility work. The attack, in 
the past, has been by causing the separation of a previously 
prepared solution. 

Now, from the direct p ro du cer’s point of view, I think that 
is possibly the angle to go at it. From the point ot' view of 
r epre s suring. however, it seems to us the other method of 
actually rtisgnlving the gas in the oil is probably the better 
p roced u re. I have become more co n v in ced of this as the work 
has gone on, in that I think are have a process which is 
capable of such reprod u dhility as to be somewhat superior to 
the other methods for that reason alone. 

I wanted to point out, first of all. that there are two different 
methods of attack, and that we worked from the repressoring 
side. I have outlined the general topics upon which we have 
wor k ed, and I want to go into the individual resaarch prob- 
Iftn i port is detail 

I hope this writ! be very informal Anyone who has a ques¬ 
tion, if I don’t make myself dear, or a criticism he wishes to 
make may please speak up at any time. I would very greatly 
appreciate co mmen ts. One reason I was anxious to come and 
talk was to get new vie w po i nt s on this work we arc doing; so. 
if yon have an in ter r u p ti on, please don’t hesitate. Also, there 
is a good bit of talking that can be done; and if anyone gets 
tired and wants to leave, you won’t bother me if you do. 

I 

Work on Rate of Solution 

1 want to speak first of the rate of solution work, which is 
the part of our Project 37 that arc have carried more nearly to 
a satisfactory conclusion than the others. This has been under 
way since are started this project; several different men have 
worked on it I want to make dear that this report covers 
the work of other men. It is sometimes the case that some¬ 
one who does not do the work talks about it and the other 
people do not get full credit 

Four men have arorfced on this rate problem: X. F. Scudder 
and Frederick P. Stapp did much of the preliminary work. 
Mr. Scudder worked out a mathematical solution for the 
diffusion process, and Mr. Stapp carried out a large part 
of the preparation of samples, as well as making rate deter- 
minaboas. Earl S. HO! has made the more recent rate deter- 
miuatioQs. Richard D. Po mer o y has worked on the problem 
longest and has contributed more than any ot h er of the 
four men. 

Now, the problem we set out to work on was that ot 
d et e rminin g the rate at which a given gas sample wonkl dis¬ 
solve in a body of petrole u m o»L To have a simple s i tu a ti o n 
for study, we can take a vertical cylindrical container which 


carrie* in it a certain body of littnid petroleum. We can close 
this up except for a gas inlet tube. Beginning with a pressure 
which is equal to atmospheric, we will suddenly raise the 
pressure of gas above this body of oil to a given higher value. 
The first thing that would happen would be solution of gas 
in tlie surface of liquid, and probably in a very short time 
the immediate surface would become saturated with gas at 
the pressure maintained above it. But the gas molecules 
going farther into the liquid would have to move from the 
surface by a process of diffusion due to molecular, motion, 
travelling gradually down into the liquid. We felt sure that 
the original step of saturation of the surface film, requiring 
only a few molecules compared to those in the gas space 
above, would be a very rapid one. and that the time of solution 
would depend almost completely on the rate of this later 
process of diffusion. 

We started out with a* system very similar to this, con¬ 
sisting of a body of-oil of known cross-section and a gas 
space above it which we could hold at a certain pressure. 
The quantities of gas whidx went into solution in this body of 
oil were measured over a period of time which would corre¬ 
spond to a fair pe rc e nta ge saturation of the whole body. The 
apparatus and method for doing this will be illustrated more 
in detail as we go along, but this describes the f u nd a men t al 
idea w ith which we started. 

A moant of Gas That Eaten System 

Our first problem wss to determine the gas which went 
into the system. This was measured by using a reservoir 
system, which was filled to a pressure two to three times the 
pressure which eras to be maintained in the absorption system. 
It contained a pressure gage which we used as an i ndi c ati o n 
of the quantity of gas contained in the r e ser v oir system. For 
example, if ire take an ordinary pressure gage and consider 
that as a reservoir system, filling it to 700 or 800 lb. pressure, 
we have in this system a certain quantity of gas. This quantity 
cannot he calculated easily, but by merely u*ing the gage as 
an indicator and then calibrating the system we avoid these 
complication*. 

Tlie system has been calibrated, not once bat a number of 
times, by filling it up to a pressure of abort 800 lb. and 
drawing off successive portions of gas into a me r c u r y pipette 
at atmospheric pressure. In this way a calibration curve of 
quantity- of gas withdrawn versus decrease in gage-reading 
is obtained. A more useful curve, der i ved from it. is that 
showing total quantity of gas in the reservo i r versus gage- 
reading. We found the system to be a very reproducible one 
over long periods. By taking calibrations at intervals, any 
>mall trends in the system could be studied systematically and 
taken into acco un t. After filling the gas reservoir and placing 
the correct quantity of oil in the absorption cell at at m ospheric 
pressure, the system was made tight and gas was admitted 
from the reservo ir to the cell to bring it to a definite pressure. 
The pressure was measured by means of a test gage which 
was calibrated against a dead-weight tester and checked at 
frequent intervals. 

Now, what we did was to admit gas from the reservoir into 
the absorption cell. Of course, the minute you let gas in. there 
is going to be some solution; and it takes a short period of 
time to reach the desired pressure, readjust the t e mp e r at ure. 
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Fig. 14 shows the-absolute diffusion c o n Wan t. the c o n s tant 
K ia the eq uati on s shown in Fig. 4, plotted against the A. P. L 
gnvky ol the liquids used. You can see that, for sane 
reason—<1 won’t guarantee to give you the reason—these 
points do fall in a rather orderly a rran ge m ent in correlation 



FIG. 14 


off our track, and so have no figures tor sach correlation. 
have not fdt, up to the present time, that' we have < 


data to indulge in statistical work. 

There is one more figure (Fig. IS) which I 
bring this data back to a more! practical basts for 
tion. We have taken the case of h ep t a n e in a 20-mesh sand 


of 45 per cent porosity, 
to half saturate a 10 
above it: that is. we 
which contained no dissolved 
it at an increased pressure 
until it was 50 per cent 
bered in this connection that 
much more rapidly than the 
us that at the end 
heptane in 20-mesh 
cent saturated. The 


ity, and have ca l cul a ted the ti 
10 ft. depth of liquid with n 
re have assumed a 10 ft dep 
ed gas, and brong 
ana let it diffuse i 
saturated. It mas 


the fi 
lattjer 


I of about nine 
kh sand would 
se other cases i 


de pth of tj« rr d 
P> 
into the 
tpost be 
first half of the gas dissolves 
half. This calculation teQs 
sears this 10 ft depth of 
be approximately 50 per 
shown tdl a simtbr story. 


The last case only is not based on ex p e r i m ental results. We 
have made no determinations thus far i n volv in g crudes in 
sands. To calculate the results for this last graph we have 
assumed that the diffusion constant for this crude in a 
would be reduced by the same proportion of its value 1 
out sand as was found to be the case for h ep t an e with and 
without the same sand. It prob ab ly gives us the order of 
magnitude, at least. 


with A. P. I. gravity. I do not believe that is a real correla¬ 
tion I do not see why density should be the controlling 
factor. It is much more likely some other factor, which we 
do not det ermi n e, is the true correlating p rop e rty and very 
nearly parallels the A. P. I. gravity. The plot, at least, serves 
to give a summary of our results. If asked to make a “ first 



FIG. IS 


guess at the diffusion rate of methane in a given liquid, I 
would use this plot to de te rmi n e it, but would not guarantee 
accniacy. 


Question: Have you tried to correlate rates with the molec¬ 
ular weights of the liquids ? 

Mr. Lacey: We have fdt that the determination of average 
molecular weights of these som e w ha t impure liquids would be. 


Other Phases of the Work 


There are several other phases of onr work whi ch I will try 
to run through very rapidly. 

The solubility work which has been carried on has also 
been carried on from the viewpoint of repressor mg. We hare 
about 14 cr u de oil samples from various parts of the country. 
We have been working on the study of solubility of certain 
natural gases in these cru des. Our problem is to de ter m ine the 
amounts of these gases which cap be dissolved in these crudes 
under a variety of conditions of t em pe r ature and pressure. 
We. ther ef or e , carry the process on by dissolving rather than 
by separation from solutions previously pre par e d . 

Rruce H. Sage has been responsible for the development 
of our method. 

Our process is a relatively simple one. In this ease our 
work is carried to pressures approximately 2JSOO lb. per sj|- 
m. instead of lower pressures, and it be ca me necessary to 
take our gas samples and actually comp re s s them to the 
pressures we wanted. 

Our gas samples come in through a measuring rea ervu ir 
system of exactly the same principle as was used in the rate 
work, except that we must have a greater volume in the 
system than that of our gage, 
the reservoir system, the amount let out 
from our gage reading. It passes into a mercur y 
meat p ump, shown in Fig. 16. 
m which we have merc ury . The 
is then c o mpr es sed and pushed over into a satu r ation ed. 
This has a known volume of liquid in it. and the ccQ is 
agitated to bring about saturation^ We are bow 
with equilibrium, and not witb-ratas. The p r essu re is mm* 
sored by a test gage which we have accurately calibrated and 
checked at regular intervals. We have two cyliodcrs of high- 
air from our liquid air machine to 


The gas is w i t h d ra w n from 


It consists of a steel U-tabe 
gas sample of known 1 
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oils. There is a very Urge range in surface tension, and at 
the highest pressure it is still changing rapidly. It would be 
interesting to sec bow these curves would look to 

3,000 lb. pressure. 

Fig. 24 covers various combinations of gases and oils. li 
given the original surface tension of an foil and a curve for a 
given gas you get. as far as these curves indicate, a pretty 
good approximation of what the surface tension might be for 
another oil and the same gas, if the original surface tension 
of the new oil be known. This can be done, because the 
curves for a given gas appear tb be nearly parallel even if 


Saturation Pressure 
FIG. 22 
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S atur ation Pressure 

PIG. 24 

the original surface-tension values are rather different. 
Different gases give curves of widely different slopes. 

Mr. Dickey: Has anyone any questions or comm ents they 
wish to make on these determinations that Mr. Lacey has 
discussed? I think that Mr. Lacey's discussion on these 
papers has not only confirmed some of our present views, but 
has advanced oar knowledge considerably in Institute Project 
No. 37. It looks as if the advisory committee of the Institute 
had picked the right problem to keep on their list. 

I 

— 

Mr. Lacey: Our work on viscosity has been preliminary. 
We have tried out several types of apparatus. The problem 
is a rather difficult one. because large ranges of viscosity are 
to be met with, and to get an apparatus which will give you 
accurate results in a wide range of viscosity over wide ranges 
of temper a ture and of pressure is no easy task. After some 
preliminary work which co nfirm ed our belief in the apparatus, 
we have decided on a rolling ball type of viscosimeter. It 
consists of a tube, very carefully polished and of uniform 
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UNITED STATES PATENT OFFICE 

ARTHUJEt D. LITTLE. OF BROOKLINE, MASSACHUSETTS, ASSIGNOR TO ARTHUR D. LIT¬ 
TLE. INCORPORATED. OF CAMBRIDGE, MASSACHUSETTS. A CORPORATION OF MAS¬ 
SACHUSETTS, 

PROCESS FOR THE SOLVENT EXTRACTION OF WOODS 
Application filed October 8, 1927. Serial No. 224,S65. 


My invention relates to a process for the 
solvent extraction of solutes from difficult 
or protective inclusions, and typically use¬ 
ful for removing from coniferous woods 
5 hydrocarbon-soluble extractives, preferably 
selectively. 

Broadly speaking I find that the dissolv¬ 
ing properties of a solvent and its diffusion 
into the pores of a cellular material con¬ 
ic taining the solute vary inversely in respect 
to the molecular weight of the solvent. I 
have found that a solvent of such low molec¬ 
ular weight and low boiling point as under 
normal conditions of temperature and pres- 
15 sure to be gaseous, is when liquefied an ideal 
solvent, for the above reasons. 

My invention includes in one aspect a 
treatment exemplified by the solvent extrac¬ 
tion of a solute from the narrow cellular or 
-c intra-cellular spaces of solute-containing ma¬ 
terials by treatment with the liquid state 
of a normally gaseous solvent; for further 
example, by a process for the treatment of 
coniferous woods for recovery therefrom 
23 of the contained extractives by the use of 
a hydrocarbon solvent substantially consist¬ 
ing of hydrocarbon materials which under 
normal conditions of pressure and tempera¬ 
ture are gaseous and which due to its physi- 
35 cal properties of fluidity and lack of *esist- 
anee to penetration of minute voids, vi. ich 
qualities are an accompaniment if not a 
consequence of a low average molecular 
weight, possesses the property of rapid dif- 
33 fusion into and through the small ducts of 
the wood in which the resins and terpenes 
are contained. A typical process according 
to this invention is particularlv designed 
for the extraction of rosin and the terpenes 
40 from the stump wood of the long-leai yel¬ 
low pine. 1 have found that if a solvent of 
low specific gravity and low average molec¬ 
ular weight is employed it more efficiently 
dissolves the rosin, turpentine and pine oil 
45 out of the coniferious woods without sub¬ 
stantially dissolving any of the darker ros¬ 
in-discoloring impurities in the wood such 
as are now removed by solvents in use. 
Heretofore all commercially practical 
o0 processes for the recovery of rosins and ter¬ 


penes from coniferous woods by means of 
solvents have required that the wood be 
quite finely reduced as by shredding with 
the result 'that the residual wood after ex¬ 
traction has not been well adapted to the 5o 
manufacture of paper pulp and is of little 
value except as fuel. One purpose of the 
present * process is to make unnecessary 
such fine mechanical reduction of the wood 
prior to extraction, and to make it possible 60 
to efficiently extract chips of a size that are 
well adapted to standard pulp mill opera¬ 
tions. This is accomplished bv the use of 
a solvent of the physical properties associ¬ 
ated with a relatively low average molecu- 65 
lar weight to insure a rapid diffusion rate 
into and'through the chips. 

A further advantage of my invention is 
to provide a suitable chip of coniferous wood 
for use in paper making from which the 70 
rosin has been substantially extracted with¬ 
out anv substantial degeneration of the cel- 
lulose therein, as occurs when the wood is 
steamed. Bv emploving mv invention I am 
enabled to substantially extract the rosin 75 
from chips of standard paper making size 
which chips produce a higher grade paper 
than the small chips or shreds. 

One advantage of this process from the 
point of view of conserving useful fiber for 8 9 
paper making lies in the avoidance of any 
temperature causing the loss of tensile 
strength, of cellulosic fibers in after treat¬ 
ment for paper making, such as the sulphite 
process particularly, and the avoidance of 85 
contributing degenerating treatment with 
superheated steam. In respect to the sul¬ 
phite process relative completeness of ex¬ 
traction of resins is important to successful 
use of the paper pulp for making paper. 00 

Another advantage of this process is its 
availability for treatment of relatively 
moist materials without damaging or ex¬ 
pensively thorough pre-drying. Normally 
gaseous so \ents of the type herein described 
contain components, notably butane, capable 
of solution in considerable amounts in wa¬ 
ter; eithei tins capacity or the possible sol¬ 
ubility « \uiter in the liquid phase of the 
normally gaseous solvent may contribute to 



1,762,785 


87 

2 . 


the observed capacity rapidly and effectively 
to dissolve jesins in the presence of capillary 
inclusions of water in amounts which would 
inhibit treatment with ordinary solvents. 
For example, moisture contents of from 
- 5 15 % to 20% by weight have little or no ef¬ 
fect on the operation of the herein de¬ 
scribed solvent on the rosin solute. 

Another object is the simultaneous ex- 
10 traction of resins and terpenes without the 
necessity of first pre-heating; to remove the 
latter, as bv distillation with superheated 
steam or otherwise, which partially breaks 
down the resins into bodies that are unde- 
15 sirable in the ultimate resin product, and at 
the same time lowers the value of the resid¬ 
ual wood for pulping by degeneration of 
the cellulose. The simultaneous extraction 
of the resins and terpenes is made feasible 
20 by the use of a solvent that boils substan¬ 
tially below that of the terpenes contained 
in the wood, but forms therewith no con¬ 
stant boiling mixture with any of the con¬ 
stituent terpenes, thus making it possible to 
25 readily separate and recover the solvent 
from the extractives for reuse. 

A further object of my invention is the 
recovery of a lighter colored resin than has 
so far been obtained by the solvent extrac- 
so tion of woods rich in resins, such as the 
stumps of the long-leaf yellow pine. An ex¬ 
ample in support of this statement is the 
fact that wood rosin, as the trade knows 
the product of solvent extraction of long- 
35 leaf yellow pine, is generally of an F grade, 
as referred to the color standards of the 
United States Department of Agriculture, 
according to which rosin is graded prol- 
gressivelv by letter designation from 13 to 
40 X as the color lightens from a dark reddish 
amber to a light amber. By the process of 
this invention it is possible*to produce much 
lighter grades of wood rosin than heretofore 
obtainable, rosin of X and even higher grade 
45 being readily attained. 

Yet another object is to recover rosin that 
is adapted to the present uses of so-called 
gum rosin, which is obtained bv bleeding the 
living tree, jfor example, in one of the 
60 largest uses for rosin, which is in'ihe manu¬ 
facture of soaps, wood rosin as now obtained 
is entirely unsuited, for the reason that 
soaps made therefrom are either initially^ 
dark in color, or tend to darken on exposure 
55 to air during a comparatively short time. 
Rosin made by the process of this invention 
is entirely suited to manufacture of a high 
grade rosm soap. This product is also supe¬ 
rior to present-day wood rosin in other im- 
60 portant uses, such as in the manufacture of 
varnish and paper size, wherein gum rosin 
is today used almost exclusively. ; 

The desirability of accomplishing the fore¬ 
going objectives which are now realizable 
kj has long been recognized, and much effort 


has been expended, in particular, to improve 
the grade of wood rosm. For this purpose 
various solvents have been suggested from, 
time to time, but gasoline, or a middle frac¬ 
tion thereof, has remained in general use. 70 
I have discovered that the desired results 
can be obtained by the use of a solvent com¬ 
prising a hydrocarbon of comparatively low 
molecular weight, preferably comprising one 
or more of the lower members of the paraffin 75 
or olefine series of hydrocarbons. These ex¬ 
ert a marked selective action on'ihe rosins, 
failing to extract a substantial proportion 
of the bodies which are responsible for the 
dark color in wood rosin and leaving these 80 
bodies in a condition not detrimental to use 
of the wood for paper pulp. I have found 
that hydrocarbon solvents having an abso¬ 
lute vapor pressure at* 75 ° C. (a preferred 
working temperature), in excess of one thou- 35 
sand mm. of mercury, and less than twenty 
thousand mm., are ideally suited for the 
purpose of my invention. Hydrocarbon sub¬ 
stances coming within this range have a 
relatively low average molecular weight, 90 
and their use at the preferred working tem¬ 
perature involves extraction under pressure 
to keep said substances liquefied. I have 
found that propane, butane and pentane 
alone or in admixture comply with the 95 
above specification and are ideally suitable, 
though as stated other materials may be 
employed and I have also actually used amy- 
lene and butylene. A suitable mixture will 
in general be found to have an average molec- 100 
ular weight lying between 28 and 77 . I have 
further determined that a portion of even 
the higher paraffin series can .be tolerated, 
but that with increasing average molecular 
weight, the rate of extraction falls off, and 105 
the recovered rosin is of lower grade. 

My preferred solvent, in part because of 
availability at a price low*er than motor fuel, 
is a mixture comprising chiefly butane. 
Fractions from petroleum or natural gas no 
containing large proportions of such a ma¬ 
terial may today be regarded as a waste 
product from the operation of casing-head 
gasoline plants, wherein they are the prod¬ 
uct of the fractional distillation of the orig- ’ 115 
inallv “w’ild” casing-head gasoline. When 
casing-head gas is scrubbed with oil or other¬ 
wise processed for the recovery of condensi¬ 
bles, there is extracted from the gas a por¬ 
tion of the contained propane and butane, 120 
which for purposes of transportation and 
use for blending with heavy naphtha to 
make a motor fuel is generally “stabilized," 
bv which step is meant the separation of 
the normally gaseous propane and of sub- 
stantially all of the butane. From this op¬ 
eration there may be first separated by treat¬ 
ment satisfactory for stabilizing the remain¬ 
der a mixture of butanes and propane con¬ 
taining also some pentanes, which mixture 


without further treatment is satisfactory for 
use as an extractive solvent; but there is ad¬ 
vantage in preparing from the butane-pro- 
pane-pentane mixture for the present use a 
6 preferred material comprising a so-called 
, ° butane fraction which can be prepared from 
the butane-propane mixture by fractional 
distillation, preferably under pressure. For 
example, a material so prepared of the fol- 
10 lowing composition is entirely suited to the 
present purposes: 

Propane, 9%; butane, 89%; pentanes, 2%.. 

Weathering: Initial boiling point, 15° F. 

Test: Final boiling point, 32° F.; Sp. 
is gravity, 0.573. 

The present process thus provides a new 
solvent for resins, described herein in rela¬ 
tion to its use with respect to the extraction 
of resinous woods, but the utility of this 
20 new solvent is wider than this described use 
and the advantages involved in its use will 
be apparent to those skilled in the art of 
extracting sundry materials with hvdrocar- 
bon solvents. For example, such a light 
25 hydrocarbon solvent can be employed with 
advantage to the extraction of vegetable 
oils, such as cocoa butter and corn oil, the 
degreasing of wool, the cleansing of fabrics, 
in rubber manufacturing, etc. This inven- 
so tion, in so far as it involves this solvent, is 
therefore not limited to extraction of any 
particular material from any specific en¬ 
vironment. 

So far as I am aware the only use for 
35 butane at present is as fuel. Since butane 
is normally found in gaseous form in gaso¬ 
line plants, it is usually burned in the dis¬ 
tillation plant in gaseous state as a fuel. So 
far as I am aware I am the first to provide 
40 a material containing available liquefied bu¬ 
tane or to discover its special utility as a 
solvent or to observe the specially desirable 
solvent properties of such materials as ap¬ 
plied to the treatment of coniferous woods. 
4r, A further object of my invention is to 
provide a novel process for the continuous 
extraction of materials in solvents, which 
comprises continuously extracting said ma¬ 
terial in an extraction unit, preferably a con- 
50 tinuous multiple counter-current (serially 
operative) extraction unit, continuously sep¬ 
arating the solvent and solute from the ma¬ 
terial, continuously distilling the solvent 
from the solute, continuously condensing the 
55 solvent and returning it to the extraction 
unit in a closed system, while maintaining 
a sufficient pressure in the system to keep the 
solvent liquid in the extraction unit, and 
preferably in addition,' substantially strip- 
ro ping the last traces of the solvent from the 
solute by flash vaporizing the solute bot¬ 
toms, condensing the recovered solvent and 
returning it to the extraction unit. While 
this feature of my invention may be em- 
*5 ployed for the extraction of various types of 
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materials with various solvents, it is pecul¬ 
iarly useful for extracting rosin from conif¬ 
erous woods. I have found in practice that 
with a distillation unit alone tor distilling 
the solvent from the solute, it is substan- 7o 
tially impossible to remove the last traces 
of solvent from the rosin and the terpenes 
without raising the temperature of the dis¬ 
tillation tank so high as to disintegrate or 
discolor the rosin and terpenes. Bv flash 75 
vaporizing the bottoms from the distillation 
tank into a larger unit under the same heat, 
it is apparent that the pressure in said larger 
unit may be lowered sufficiently to permit the 
last trace of solvent to volatilize therefrom go 
without any rise in temperature and that if 
desired the temperature in the distillation 
unit can thus be kept below the discoloring 
or disintegrating level. 

Further objects of my invention are to pro- 85 
vide'various novel products produced at dif¬ 
ferent stages in my improved process. First 
a novel resin-containing extraction product, 
secondly, a novel resinous product- produced 
when the solvent has been distilled there- 90 
from which may be readily transported if 
desired in liquid form in tank line or tank 
car for the further purification treatment;, 
purer initial turpentine and initial pine oil 
than has been produced hitherto without re- 95 
fining; 1 and lighter grade wood rosins than 
have heretofore been produced by any proc¬ 
ess involving the use of a hydrocarbon sol¬ 
vent. 

The application of my invention to the 100 
extraction of rosin, turpentine and pine oil 
from 3uch resinous woods as the long-leaf 
yellow pine will now be described with ref¬ 
erence to the accompanying flow chart: 

I preferably employ a battery of pressure 105 
extraction tanks, 2, 3, 4 and 5, connected to¬ 
gether 1 to operate successively and prefer¬ 
ably continuously in counter-current fashion 
on the coniferous wood being treated. 
Chipped or shredded wood is fed from hop- 110 
per 1 to the first three of the battery of ex¬ 
tractors, 2, 3, 4 and 5, which may be of any 
desired size or construction. Before intro¬ 
ducing the solvent it is desirable to eliminate 
air from the system, and therefore the air is 115 
preferably evacuated. This step also re¬ 
duces explosion danger to the minimum and 
avoids the introduction of air into the closed 
butane system. Valve 2 a in line 0 leading 
from the butane storage tank 14 is then 
opened to admit the solvent to the extractor 
2. Unless definitely stated that a valve is 
opened, it is assumed to be closed. The 
valves 3 C and 4 C leading into the next adja- j 2 s 
cent tanks are opened, tank 5 being tempo¬ 
rarily withdrawn from use for cleaning and 
refilling purposes. A alves 4? and 7 in line 
8 leading to the butane distillation tank 17 
are them opened. The material thus is cir- 13* 
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ciliated through line C bv means of the pump 
9 through the valve 2 a into extraction tank 
2, out of filling line 3'* through the open 
valve 3 C into the extraction tank 3, out of 
r filling line 4® through the valve 4 C to the ex¬ 
traction tank 4. and out of extraction tank 
4, through line 8 and through^the valves 4 d 
and 7, to the distillation tank li. If desired, 
as is shown, the solvent inlet pipe 6 may be 
provided with a heat interchanger 10 to 
preheat the solvent before entering into the 
extraction tanks. After the solvent has been 
circulated through the extraction tanks.2, 
3 and 4 for a period of time .sufficient to 
15 thoroughly extract the rosin and terpenes 
therefrom (in the unit described the time 
for extraction was four hours) the extrac¬ 
tion tank 5 now refilled with chips and ex¬ 
hausted of its contained air is cut into the 
20 system by closing valve 2 a and the valve 3 C 
in the line 3*. The valve 4 d is also closed. 
The solvent is now circulated through the 
line 6 through the valve 3 a to the extraction 
tank 3, from tank 3 through the filling line 
25 4® through valve 4 C into the tank 4; from 
extraction tank 4 through valve 5 C in the 
line 5® to the extraction tank 5 and out of 
tank 5 through the valve 5 d in the line 8 
through the valve 7 to the distillation unit 
30 17. While a battery of only four extractors 
is shown, it is‘apparent that more may be 
employed in use if desired. 

After the cycle of operations is first start¬ 
ed, in order to successively employ the coun- 
35 ter-current principle a new tank is cut in at 
the desired point in the extraction cycle. 
When any number n of tanks are employed 
and the extraction period occupies t hours, 
a new tank may be cut into the system every 
40 t . 

-- hours. It is obvious, however, that at 

71—1 

the starting point tanks 2 and 3 are subject¬ 
ed to less extraction than they will be subse- 
45 quently subjected to when the whole system 
has been operating for t hours or more. It 
is thu> apparent that counter-current extrac¬ 
tion methods are employed as fresh solvent 
is pumped on to the wood which has been 
so previously subjected to solvent more or less 
saturated with extractive, the. freshly 
charged wood always being first extracted 
with a solvent more or less saturated with 
the extractives, and the partially extracted 
55 wood being treated with fresh solvent. If 
desired, 3 l \ 4 '. 5® may as shown be provided 
with heat ers 3\ 4 h , 5 h , etc., in order to com¬ 
pensate for radiation losses from the extrac¬ 
tion tank- and-maintain a desired tempera- 
60 /ture in the several extraction tanks. 

Before removing the wood from the re¬ 
spective extraction tanks, caution should be 
taken, to remove all the hydrocarbon by 
. pumping out any remaining solvent, then 
65 applying a vacuum to draw any remaining 


traces of solvent through the valves 2 b , 3 b , 

4 b and 5 b respectively in the lines leading to 
the return line 11 to the tank 14 through the 
open valve ll a therein by means of the pump 
ll b in said line 11 followed preferably by a 70 
steam distillation under diminished pressure.. 

For example, steam may be let into the re¬ 
spective extraction tanks through any suit¬ 
able steam connection at 100 . The solvent 
vapor as discharged in this manner can be 75 
recovered by compression or condensed at 
atmospheric pressure by means of an am¬ 
monia-cooled condenser ll c and returned 
as a liquid to the storage tank 14. Preferably 
water taken up from the wood, if any, or so 
condensed from the steam distillation, is con¬ 
densed in the water cooled condenser 101 , and 
separated at 102 from the hydrocarbon sol¬ 
vent whenever necessary. 

I also provide a unit suitable for the con- $5 
tinuous distillation of the solvent carrying 
the extractive, which separates the solvent 
by evaporation or distillation from the ex¬ 
tractive, the solvents being distilled, con¬ 
densed and returned as a liquid to the stor- 90 
age tank 14. 

This unit comprises an evaporator and still 

17 operated under pressure in a closed pres* 
sure circuit and continuously heated by the 
steam coils 21 and the vapors therefrom 95 
passing through the pipe 22 (valve 19 be¬ 
ing opened), being condensed in condenser 

23 and continuoudy returned through line 

18 to the solvent storage tank 14. The evap¬ 
orator or still is so designed that as much of 100 
the solvent as possible is removed from the 
extracted materials without a damaging rise 

of temperature. To maintain the solvent 
liquid in the still 17 and extraction tanks, I 
preferably insert the back pressure valve 19 105 
in the exit line 22 forming a part of the 
closed pressure circuit. 

Whereas the distillation of solvent in still 


110 


17 is conducted under pressure, it may be 
found inadvisable to recover all of the sol¬ 
vent at this stage owing to the necessity of 
either employing too high a temperature in 
the still 17 or-resorting to a prolonged dis¬ 
tillation period, either condition being apt 
to injure the rosin. It is therefore recom- H5 
mended that the distillation of solvent in 
still 17 be discontinued when the rate of 
distillation begins to fall olf and that the 
contents of still 17 thereafter be discharged 
through line 24 to flash still 53 wherein the 
pressure is dropped, for example, to substan¬ 
tially atmospheric pressure. This latter op¬ 
eration will be found effective to release the 
remaining traces of solvent in the rosm- 
turpentine-pine oil mixture. The solvent 
vapors from still 53 are condensed in o4. 

08 , which may be ammonia cooled, and the 
resulting liquid collected in tank 62, from 
which it may be periodically discharged by 130 


120 


125 


compression pump .66 into the main solvent 
storage tank 14. 

The mixture of rosin, turpentine and pine 
oil substantially stripped in still 17, and 
6 stripped of the last traces of solvent in still 
53 is discharged through line 70 into the 
rosin still 25, wherein the turpentine and 
pine oil are separated from the rosin by 
means of distillation into several cuts, pref- 
10 erably turpentine, pine oil and pine oil tails 
in the tanks 20, 30 and 31, respectively. 

A stated, I preferably provide a flash 
stripping still 53 and condenser unit 54, 58 
having means 52, 55, 64. GO to maintain a 
15 circulation therethrough to remove the last 
traces of the solvent from the extractives 
from the still 17, and operated under a lower 
pressure than the primary solvent still, the 
circulation means being connectable to the 
20 primary solvent still 17, and to the receiving 
tank 14. 

When it is desired to remove the extrac¬ 
tive through the line 24 to the still 53, the 
pump 0 will be completely stopped and 
25 valve 7 in the line 8 closed. Valve 19 in the 
line 22 is also closed and the valve 20 in the 
line 24 is opened. Vent lines 50 and 52 are 
provided to equalize the pressure between 
stills 53 and 17 to allow a free flow of the 
30 extractive to the stripping still 53, and when 
the extractive is being withdrawn from still 
17 to still 53 valves 51 in said vent line 50 
and valve 52 a in the line 52 leading from the 
line 50 to the still 53 are opened. At all 
35 other times these valves are closed. This al¬ 
lows the extractive to run from the still 17 
through the valve 20 in the line 24 to the 
still 53. When sufficient extractive has been 
drawn to still 53 valve 20 is closed and 
40 valves 7 and 19 are opened and then the cir¬ 
culation of solvent is continued as before. 

As the heated solute containing a portion 
of the solvent is drawn down the pipe 24 
into the vaporizing still 53 the pump 66 is 
45 regulated to maintain a lesser pressure in 
the stripping still condensing unit than in 
the distillation still 17. It is apparent that 
with the drop in pressure all traces of the 
remaining solvent will be released out of 
50 the extractives in the vaporizing still 53, 
and led through the pipe 55, the valve 56 
being opened, into, the condenser 54 where 
they are condensed and pumped by the pump 
66 through the line 64 into the receiving 
55 tank 14. It is thus apparent that by the in¬ 
troduction of this/flash stripping still con¬ 
densing unit into the closed system that it 
is possible to strip the last traces of solvent 
out of the extractives without raising the 
60 temperature high enough to degenerate or 
discolor the terpenes or rosins. 

When it is desired to remove the solvent- 
free extractives' through the line 70 to the 
rosin still 25, the pump 6G is completely 
65 stopped, the valve 20 in the line 24 closed, 


the valve 56 in the line 55 closed and the 
valve 72 in the line 70 opened, and the valves 
50 a and 52 a in the vent lines 50 and 52 
opened, which valves are closed at all other 
times. This allows the substantially solvent 70 
free extractives to run from the vaporizer 
53 through the valve 72 in the line 70 to the 
still 25. When sufficient extractive has 
been drawn to the still 25 valve 72 is closed. 

It is recommended that vacuum be used 7 $ 
according to the observed reshits and the 
degree of heat of the heating medium for 
still 25 supplied in heater coil 33 while dis¬ 
tilling at least the pine oil fractions, and 
usually the turpentine fraction, in order to go 
avoid overheating the rosin in still 25. For 
this purpose I provide a vacuum pump 28 
connected to turpentine receiver 29, pine oil 
receiver 30 and pine oil tails receiver 31. 
When the last of the pine oil tails has been S5 
separated from the rosin, valve 32 may be 
opened for the discharge of the hot rosin, 
unless it is to be vacuum distilled, into re¬ 
ceiver 38. 

Tims in practice I raise the temperature 90 
in the rosin still 25 by means such as the 
hot oil coils 33 until substantially all of 
the turpentine is distilled therefrom through 
the open valve 34 in line 35, condensed in 
condenser 27, and led into the turpentine. 95 
tank 29, with or without opening valve 29 b 
to line 44 and vacuum pump 28, if desired 
with no vacuum up to an end point of 150° 

C., valve 29 a then being opened the valves 
30 a and 31 a being closed. After the turpen- 100 
tine has been taken off into the tank 29, the 
line 41 leading thereto is closed at valve 
29 a , valve 29 b is closed and the valve 30 a 
in the line 42 leading to the pine oil tank 
30 is opened. In <51*aer not to affect a de- 105 
composition of the pine oil and rosin by 
raising the temperature of distillation, the 
vacuum in the pine oil tank 30 may now be 
increased by operation of the vacuum pump 
28 at a higher rate and by opening the valve no 
30 b in the line. 40 leading thereto. When 
the pine oil has been substantially removed, 
while still maintaining the vacuum I then 
open the valve 31 a in the line 43 leading 
to the pine oil tails receiver 31, close the 115 
valve 30 a in line 42 and open the valve 31 b 
in the line 44 leading thence to the vacuum • 
pump 28, after closing the valve 30 b , and 
then raise the temperature up to substan¬ 
tially 200° C. to remove the pine oil tails 120 
into their tank 31. This substantially strips 
the rosin in vacuo of all bodies which would 
tend to cause discoloring on exposure and 
more effectively removes and cleanly cuts 
the pine oil tails than has been possible in 125 
any method of rosin extraction of which I 
am aware. 

The turpentine and pine oil recovered in 
the above manner may require a subsequent 
refining and redistillation to meet market 130 
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specifications. Usual operations for this 
purpose form no part of the present inven¬ 
tion. When the process is operated in ac¬ 
cordance with the foregoing preferred meth- 
5 od the rosin as delivered without vacuum 
distillation from still 25 is of marketable 
grade and .of superior quality compared 
with the rosin heretofore produced by the 
solvent extraction of resinous woods. 
10 Grades above H are readily obtainable, and 
the product is moreover suited to certain 
uses, such as the manufacture of soap, high 
grade varnishes and paper size, for which 
the present wood rosins are not well suited. 
15 Also the rosin may be vacuum distilled in 
order to produce tlie highest grades. In 
case it is desired to subject the rosin remain- 1 
ing in the rosin still 25 to a vacuum distilla¬ 
tion, the valve 34 in line 35 leading to con-' 
20 denser 27 is closed, and valve 36 in line 37 
leading to pure rosin receiver 38 is opened. 
Receiver 38 is connected with vacuum pump* 
28 by means of valve 39 in line 40, which is 
then opened. The temperature in the oil 
25 coil 33 is then raised a sufficient amount over 
280° C. to sufficiently distill the rosin resi¬ 
due from still 25 over to the receiver 38, 
the desired reduction of pressure being main¬ 
tained therein through the open system by 
30 means of the vacuum pump 28. 

I have further discovered that the rosin 
produced by this process can be refined by 
vacuum distillation to yield the highest 
grade X. 

35 As previously stated, it is possible by 
means of a solvent containing butane, or its;' 
equivalent in use, to secure a very rapid ex¬ 
traction. While extractions can be made 
at ordinary temperatures, it is advantageous 
40 to employ a moderate degree of heat. For. 
this purpose the extraction battery as shown 
may be equipped with interstage heating 
units as above mentioned. The recom¬ 
mended temperature range may be between 
45 50° and 100° C., but this range may be ex¬ 
tended for some purposes, depending upon 
the conditions of the material operated upon 
and the qualifications of the solvent in use. 
Under some conditions it may be desirable 
50 to resort to higher temperatures. As a rule, 
the higher the temperature the more rapid 
and complete is the extraction. Use of 
higher temperatures than 100° C. is recom¬ 
mended to be avoided. At 50° C. the work- 
ing pressure for the butane fraction, which 
is recommended, is of the order of 60 to *70 
pounds; at 75° about 120 pounds. The time 
required for the extraction depends upon 
the .size of the wood, whether chips or 
•° shredded wood, the circulation and the tem¬ 
perature. With good circulation and chips 
of *4" mean size a period of 1*4 hours 
will be substantially effective for each extrac¬ 
tion stage, but it will be understood that 
C5 longer periods of extras tion for chips. of 


larger size may be resorted to without detri¬ 
ment, leaving the wood in good condition 
for paper manufacture. The time for ex¬ 
traction necessarily varies with the condition 
of the material to be extracted, but is sub- 
stantially shorter than usual treatments of 
which I am aware. 

As an example of yields, the following 
results of practice can be cited: 

Yields per ton of stomp wood (long-leaf yellow pine) 75 

Rosin--—-410 pounds 

Turpentine-6.3 gallons 

Pine oil-3.3 gallons 

It is thus apparent that I have provided a 
novel process particularly adapted to the 
efficient extraction of resins from woods and 
producing an extracted chip wholly suitable 
ror use in paper manufacture; various novel 
intermediate products and wood rosins of 85 
high grades suitable for uses not available 
for wood rosins heretofore produced. 

When the process is carried out on moist 
or damp wood chips, the water substantially 
remains entrained jvith and is removed with g0 
the extracted wood. From time to time the 
circulating solvent may be treated to remove 
water in solution, for example by subjecting 
the solvent in gaseous or liquid state to a 
water-freezing temperature and remoying 95 
the ice formed. 

The examples of practice and product 
hereinabove described are offered by way of 
illustration and exemplification of the" in¬ 
vention and not by way of limitation, and 10 o 
variations of practice and different products 
are contemplated within the definitions of 
the appended claims. 

I claim: 

1. Process for the treatment of coniferous 105 
woods to recover therefrom hydrocarbon 
soluble extractives which comprises the step, 
subjecting such woods to extraction in a 
liquid hydrocarbon solvent of low average 
molecular weight, said solvent having a 110 
vapor pressure at 75° C. ir. excess of 1000 
and less than 20,000 mm. of mercury under 
conditions of time, temperature and pressure 
suitable for the solution of said extractives, 
during maintenance of the solvent in liquid 115 
phase. 

2. Process for the treatment of coniferous 
woods to recover therefrom hydrocarbon 
soluble extractives which comprises subject- • 
ing chips of such woods to immersion in a 120 
liquid hydrocarbon solvent having a molec¬ 
ular weight of less than 7S and more than 

2S under conditions of time, temperature 
and pressure suitable for the solution of said 
extractives during maintenance of said hy- 125 
drocarbon solvent in liquid phase. 

3. Process for the extraction of coniferous 
woods to recover therefrom hydrocarbon- • 
soluble extractives which comprises subject¬ 
ing the wood to the solvent action of a nor- 130 
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mally gaseous hydrocarbon solvent chiefly 
comprising butane and held liquid under 
pressure in a suitable vessel. 

4. A process for the extraction of conifer- 
5 ous woods to recover therefrom hydrocarbon 

soluble extractives which comprises subject¬ 
ing such woods while in a moist state to 
wetting with a normally gaseous hydrocar¬ 
bon solvent chiefly comprising a mixture of 
10 butane and propane held liquid under pres- 
su: j. 

5. Process for the extraction of hydrocar¬ 
bon soluble extractives comprising subject¬ 
ing wood containing resinous bodies in a 

15 moist state to contact with a normally gase¬ 
ous hydrocarbon solvent held in* liquid 
phase and effective to dissolve the resinous 
bodies in the presence of water. 

6. Process for the treatment of coniferous 
20 woods to recover therefrom rosin, turpentine 

and pine oil which comprises treating such 
woods during a sufficient time with a liquid 
hydrocarbon solvent of low average molec¬ 
ular weight, said solvent having a vapor 
25 pressure at 75° C. in excess of 1000 and less 
than 20,000 mm. of mercurv under condi- 
tions of temperature and pressure suitable 
for the effective solution of the contained 
terpene and resinous contents and removing 
30 said extractives, the removal of said extrac¬ 
tives ensuing without decomposition and 
without removal of discoloring impurities 
from the wood. 

7. A process for the treatment of conifer- 
35 ous woods to recover therefrom hydrocarbon 

soluble extractives which comprises multiple 
countercurrent extraction in a closed system 
at temperatures between 50° C. and 100° C. 
and pressures suitable to maintain said sol- 
40 vent in liquid phase at said temperature said 
liquid hydrocarbon solvent being low aver¬ 
age molecular weight, said solvent having a 
vapor pressure at 75° C. in excess of 1000 
and less than 20,000 mm. of mercury. 

45 8. A process for the treatment of conifer¬ 

ous woods to recover therefrom hydrocarbon 
k soluble extractives which comprises treat¬ 
ing such woods for a time of the order of 
from one to four hours with a hydrocarbon 
>0 solvent comprising chiefly butane* at tern-' 
peratures between 50° and 100° C. under 
pressure. 

9. A process for the treatment of conifer¬ 
ous woods to recover therefrom rosin, tur- 

55 pentine and pine oils which comprises treat¬ 
ing such woods with a hvdrocarbon sohent 
comprising chiefly butane at temperatures 
between 50° and 100° C. under pressure, 
separating the solvent and extractives from. 
«0 the woods, recovering the solvent from the 
extractives for re-use, distilling the residue 
to remove terpene oils from the rosin, and 
vacuum distilling the residual rosin. 

10. A process for the treatment of 
coniferous woods to recover therefrom hy- 


drocarbon soluble extractives* which com¬ 
prises treating ‘ such woods with a liquid 
hydrocarbon solvent of low average molecu¬ 
lar weight, said solvent having a vapor pres¬ 
sure at 75° C r in excess of 1000 and less than 70 
20,000 mm. of mercury under conditions of 
time, temperature and pressure suitable for 
the solution of said extractives, separating 
the solvent and extractives from the woods, 
recovering tlje solvent from the extractives 75 
for re-use, distilling the residue to remove 
terpene oils from the rosin, and vacuum dis¬ 
tilling the residual rosin. 

11 . A process for the treatment of conif¬ 

erous woods to recover therefrom rosin, go 
turpentine and pine oils which comprises 
tren'ting such woods with a hydrocarbon sol- . 
vent comprising chiefly butane at tempera¬ 
tures between 50° and 100 ° C. under pres¬ 
sure, distilling the residue to remove ter- 85 
pene oils from the rosin and vacuum dis¬ 
tilling the residual rosin. V 

12 . Process for the extraction of naturally 
occurring solid inclusions in celulosic ma¬ 
terials with normally gaseous hydrocarbon 90 
solvents having a vapor pressure at 75° C. 

in excess of 1000 and less than 20,0u0 mm. 
of mercury in a closed system under pres¬ 
sure comprising extracting said materials in 
an extraction unit, separating the solvent 95 
and solute from the materials, distilling a 
major portion of the solvent from the solute 
under pressure and condensing the solvent 
and returning it to the extraction unit under 
pressure, vaporizing the remaining solvent 100 
from the solute by reducing the pressure to 
strip the last traces of solvent from the 
solute, and condensing the recovered solvent 
and returning” it to the.extraction unit. 

13. Process; for the extraction of rosin 105 
from coniferous woods with a normally 
gaseous hydrocarbon solvent having a vapor 
pressure at 75° C. in excess of 1000 .and less 
than 20,000 mm. of mercury, comprising ex- 
tracting said materials in an extraction unit, no 
separating the solvent and solute from the 
materials, distilling a major portion of the 
solvent from the solute under pressure and 
condensing the solvent and returning it to 

the extraction unit in a closed system under 115 
pressure vaporizing the remaining solvent 
from the solute by reducing the pressure to 
strip the last traces of ■'solvent from the 
solute and condensing the stripped solvent- 
under pressure sufficient to maintain the sol- 120 
vent in liquid phase during extraction of the 
material. 

14. A process for the extraction of ter- 
penes and rosins from coniferous woods with 

a hydrocarbon solvent, normally gaseous at 125 
extracting temperature, comprising extract¬ 
ing said terpenes and rosins in an extract 
tion unit with a hvdrocarbon solvent re- 
moving the solvent and extractives from the 
'wood, distilling the solvent from the ter- 130 
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penes and rosins at a temperature below 
100° C., condensing the solvent and return¬ 
ing it to the extraction unit in a closed sys¬ 
tem while maintaining a sufficient pressure 
in the system to keep the solvent liquid in 
6 the extraction unit, and flash vaporizing the 
solute terpene and rosin bottoms to strip the 
last traces of solvent therefrom by the re¬ 
tained heat of the solvent and solute liquid, 
condensing the recovered solvent and return - 
10 in^ it to the extraction unit. 

Signed by me at Cambridge, Massachu¬ 
setts, this fourth dav of October. 1927. 

ARTHUR D. LITTLE. 
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To all whom it may concern: acid, are not equally soluble in such solvents, 55 

Be it known that I, Irving Spencer Clope, and the hydrocarbon dissolves first the softer 
a citizen of the United States, residing at and more" readily soluble one of these acids, 
•Wilkinsburg, in the county of Allegheny leaving the harder and more brittle rosin 
5 and State of Pennsylvania, have invented constituent behind in the fibers of the wood, 
certain new and useful Improvements in to some extent at least. A solvent of the 60 
Processes for Extracting from Woods Their class I use, and particularly trichlorethyl- 
Soluble Contents; and I do hereby declare ene, seems to dissolve with equal readiness 
the following to be a full, clear, and exact both the acids of the rosin, as well as the 
10 description of the invention, such as will other constituents of the wood that I have 
enable others skilled in the art to which it mentioned. 65 

appertains to make and use the same. After treatment, the fiber, that is the cel- 

I have invented and discovered certain lulose and lignose of the wood, is left behind 
new and useful improvements in processes practically clean, and may be turned over at 
15 of extracting from resin bearing woods’their once if desired, to the pulp maker, or may 
resinous and other constituents. be used in any other way that is desired. 70 

My invention contemplates the extraction, After extraction, the solvent liquid, to- 
from woods, particularly from coniferous gether with the bodies dissolved therein, is 
woods, of the rosin, pine oil, turpentine, subjected to fractional distillation, whereby 
20 wood alcohol, acetone and water, with per- the acetone and wood alcohol are separated 
haps other ingredients, by means of the first, then the solvent, then the turpentine 75 
haloid derivatives of acetylene, ethylene and and pine oil and water, leaving the rosin 
ethane. I may use one or any number of behind in the still in the form of a dense, 
these derivatives. The particular one of clear and clean mass. The solvent is, of 
25 these which I have found most useful, gen- course, recovered and used again. 

erallv, is trichlorethylene. This is a com- The accompanying drawing is a diagram 80 
pound, liquid which, at a steam pressure of of an apparatus "that may be used in carry- 
25 pounds, that is a temperature of 112° C., ing out my process, and in which A repre- 
has no deleterious effect upon any of the sents a digester or vessel; B a pump for ex- 
30 usual metals. It has a boiling point of about hausting said digester or vessel; C a boiler 
S8° C., and a specific gravity of 1.47. It in which the vapors of the solvent are gen- 85 
does not decompose at its boiling point, and erated and from which they pass to the di- 
its vapor has a very low tension and is non- gester or vessel; and D a still in which the 
inflammable. solvent and dissolved woody constituents are 

35 The resinous constituents of pine, and sim- subjected to fractional distillation. 

ilar woods, are very valuable, in some in- In carrying out my process I charge a di- 90 
stances being much more valuable than the gester or vessel with chips or billets of the 
complete wood structure. Rosin and turpen- wood undergoing treatment. The digester 
tine are particularly important products in or vessel mav then be exhausted of air, the 
40 this connection. Their extraction from the vapor from the boiling solvent is let into the 
associated ligneous tissue has been attempted digester; the chips being practically free 95 
in many ways by the use of solvents, and from air, the solvent vapor immediately 
many of these solvents will remove the con- penetrates the pores and intercellular spaces 
stituents aforesaid to a considerable extent, of the wood and the solvent action begins at 
46 Particularly is this true of the hydrocar- once. The fact that this penetration has 
bons, such as naphtha. The extractive quali- occurred induces the subsequent penetration 100 
ties of the hydrocarbon solvents, however, of the extracting vapors. As the vapors 
are such that the products, particularly the condense, they trickle down to the bottom of 
rosin, is not of the grade tnat the market the digester charged with the dissolved con- 
50 demands, nor as good as that obtained by stituents of the wood, and this liquid may 
the ancient method of “boxing” the trees, be continuously withdrawn, or withdrawn 105 
This is probably due to the fact that the two from time to time, into a receiver and led to 
acids wnich constitute the bulk of commer- a still for further treatment. Condensation 
cial rosin, namely abietic acid and colophonic of substances of the class to which mine be- 
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longs occurs readily, little heat being given 
off, so that it is not necessary to subject a 
charged digester to chilling influences dur¬ 
ing the extraction process. By this process 
5 of leading the solvent into the digester in the 
form of vapor and allowing it to condense 
among the chips it will be seen that the chips 
are at no time immersed in a liquid bath of 
the solvent and its dissolved extract, but that 
10 the chips are leached clean, as it were, of 
everything except the final charge of con¬ 
densed s<3vent, in a manner well under¬ 
stood. However, instead of treatment with 
vapor in vacuo , the solvent may be used in 
15 the liquid form, the chips being either im¬ 
mersed therein, or the liquid solvent caused 
to flow through them. Or the treatment 
may be partly with the solvent in the liquid 
form, and partly with it in the form of 
20 vapor. 

As I have indicated above, while my proc¬ 
ess is particularly intended for woods of 
coniferous genera, I do not desire or intend 
to be limited to the treatment of such woods, 
25 as the solvents of the group I have used, and 
particularly the particular solvent, trichlor¬ 
ethylene, is well adapted for the extraction 
of most of the constituents, except the cellu¬ 
lose and lignose of any wood. 

30 Having thus described my invention what 


I claim and desire to secure by Letters Pat¬ 
ent of the United States is:— 

1. The process of extracting from conifer¬ 
ous woods, their soluble constituents, which 
consists in treating such woods with tri- 35 
chlorethylene. 

2. The process of extracting from conifer¬ 

ous woods, acetone, wood alcohol, turpen¬ 
tine, pine oil and resin, which consists in 
treating such woods in a vacuum with va- 40 
pors of trichlorethylene, allowing such va¬ 
pors to condense, together with the dissolved 
constituents of the wood in such condensate, 
and subjecting the resulting solution thus 
formed to fractional distillation. 45 

3. The process of extracting from conifer¬ 
ous woods, acetone, wood alcohol, turpen¬ 
tine. resin, and other soluble constituents, 
which consists in treating such woods with 
vapors of trichlorethylene, allowing such va- 50 
pors to condense, together with the dissolved 
constituents of the wood and subjecting the 
resulting solution thus formed to fractional 
distillation. 

In testimony whereof, I affix my signa- 55 
ture, in presence of two witnesses. 

IRVING SPENCER CLOPE. 

Witnesses: 

R. M. Parker, 

Ernest Williams. 


G. WALKER. 

process of extracting resin and turpentine. 

APPLICATION FILED MAT 9, 1908. 
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UNITED STATES PATENT OFFICE. 

GEORGE WALKER, OF NEW YORK, N. Y., ASSIGNOR TO HOMER T. YARYAN, OF TOLEDO, OHIO. 

PROCESS OF EXTRACTING RESIN AND TURPENTINE. 

No. 922,369. Specification of Letters Patent. Patented May 18, 1909. 

Application filed Hay 9, 1908. Serial No. 431,757. 


To all whom it may concern: 

Be it known that I, George Walker, a 
citizen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im¬ 
provements in Processes of Extracting Resin 
and Turpentine, whereof the following is a 
specification. 

This invention relates to processes of ex- | 
10 tracting N resin and turpentine; and comprises 
a method of extracting turpentine and resin 
from coniferous woods in which such wood is 
first freed from turpentine, volatile terpenes, 
etc., by distillation under conditions mjuri- 
15 ous neither to the turpentine nor the resin 
and is subsequently extracted with a volatile 
solvent body to obtain a pure resin; all as 
more fully hereinafter set forth and as 
claimed. 

20 In the prior art, coniferous wood has been 
directlv extracted with various solvents, hy¬ 
drocarbons being generally employed, to ob¬ 
tain rosin and turpentine at one operation. 
The extract obtained contains botn bodies, 
25 together with the solvent employed, and is 
distilled to remove, first the solvent and then 
the turpentine, the rosin being left behind in 
the still as a residue. This method however 
suffers from a number of disadvantages and 
30 does not give rosin and turpentine of good 
commercial grades. The turpentine is gen¬ 
erally ill-smelling, partly because of bodies 
derived from the solvent employed, and 
partly, no doubt, because of the presence of 
35 wood constituents or products other than 
turpentine, while the rosin generally suffers 
in clearness, color and quality by the repeat¬ 
ed distillations necessarv to free it of the 
solvent employed and of turpentine, a high 
40 temperature being usually emploved in such 
distillations. Rosin does not well withstand 
long continuance of high temperatures. 
Since even volatile commercial hydrocarbons 
like gasolene and naphtha, contain high-boil- 
45 ing impurities such impurities tend to con¬ 
taminate the turpentine. 

In the present process I have devised a 
simple, cheap and ready method of preparing 
a pure rosin and turpentine of good commer- 
50 cial grades, this method obviating the stated 
disadvantages and securing certain new ad¬ 
vantages. According to this invention, I 
preliminarily treat the wood, which may be 
any of the coniferous woods, by a distillation 
55 at comparatively low temperatures, that is, 
temperatures at which neither the woody 


fiber nor the resin will suffer pyrolytic de¬ 
composition or injurious changes and afford 
decomposition products to contaminate the 
distillation product. This distillation gives go 
me turpentine, leaving the rosin in the wood 
unchanged. While the distillation may be 
effected by simple heating of the comminuted 
wood in thin layers, or strata, since wood 
j contains considerable water which in evapo- 65 
rating carries the turpentine with it, yet in 
practice it is better to use some form of gas¬ 
eous or vaporous carrier. Under the ordi¬ 
nary laws of evaporation, turpentine evap¬ 
orates much more freely and at a lower tern- 70 
perature into a gas mass carrying little of its 
own vapors than into a gas mass containing, 
much of such vapors, so that it is desirable 
to use a considerable volume of a gaseous 
or vaporous carrier circulating past the wood 75 
being! distilled and absorbing and diluting 
the turpentine vapors as fast as formed. Air 
or neutral gases may be employed, the latter 
being better since air oxidizes turpentine and 
rosin, but steam is still better. I therefore 80 
preferably conduct the distillation bv passing 
steam past or through the wood under treat¬ 
ment. The higher the temperature and pres¬ 
sure of the steam the quicker the distillation 
may be effected, but steam under 10—20 85 
pounds pressure is perfectly suitable and is 
especially adapted to the present purposes 
while still lower pressures and the concomi¬ 
tant temperatures may be employed. With . 
steam of low’ temperature, while the tur- 90 
pentine distills over well, the rosin is not 
damaged. At temperatures approaching or 
abo\ r e the boiling point of turpentine, while 
the turpentine may be removed by the use of 
very little steam, yet the rosin is apt to be in- 95 
juriouslv affected and to yield more or less 
rosin oil to contaminate the turpentine. 

The wrood is preferably finely comminuted, 
in the form of saw r dust or small chips, such 
as, for example, those given by the ‘‘ saw'mill 100 
hog.” It may be distilled in thin layers or 
strata, stationary or moving, but when 
steam is employed, the use of such thin 
layers or strata is not necessarv' and the com¬ 
minuted w'ood may be in substantial masses 105 
of sawxlust or chips and be contained in any 
suitable vessel. Preferably however, to save 
labor and expense, this vessel is the same as 
that subsequently employed for extraction. 
Using steam, low pressure steam is blowm llo 
through or past the mass of w'ood to and 
through a condenser of any ordinary type 
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wherein it condenses together with the turpen¬ 
tine vapors which it carries, the condensed 
water and turpentine being then g-ravitally 
separated. The passage of steam and the dis- 
5 tiflation are discontinued when the conden¬ 
sate no longer separates substantiai quantities 
of turpentine. The distilled wood, thus freed 
of tuipentine and containing the residual 
rosin in a substantially unchanged state, is 
10 next extracted with a volatile solvent cap¬ 
able of dissolving rosin. While the number 
of possibly solvents which may be here em¬ 
ployed is verv large, almost any of the ordi¬ 
nary “volatile solvents/’ that is, any of the 
15- ordinary , low-boiling, chemically neutral sol¬ 
vents, such as grain or wood alcohol, petro¬ 
leum hydrocarbons, like gasolene, benzin or 
naphtha, ether, methyl or ethyl acetate, ben¬ 
zol, acetone, etc., being ail more or less 
20 adapted for this purpose, I prefer to use a 
special distillate from hard wood tar as free 
from disadvantages for this purpose inherent 
in most of the other common solvents. Pe¬ 
troleum hydrocarbons, for instance, while 
25 freely dissolving certain constituents of com¬ 
mercial rosin (From gum turpentine) do not 
dissolve other constituents so freely. Con¬ 
sequently in treating the wood with a limited 
quantity of gasolene, for instance, the solvent 
30 extracts more of certain resinous constituents 
of the wood than of other constituents, anu 
the resinous matter regained on evaporating 
the extract is not the same as rosin, from gum 
turpentine. J 

35 In destructively distilling hard woods, the 
condensate contains many and different sub¬ 
stances, the aqueous portion or “pyrolig- 
necacid " containing besides acetic acid, 
acetone, methyl alcohol and water a eon- 
40 siderable portion of oily bodies held in solu¬ 
tion and suspension by the influence of the 
solvent bodies named w'hile the non-aqueous 
portion, or tar, contains a still larger amount 
of these oily bodies. In purifying the pyr- 
45 oligneous acid these oily bodies may be re- 

f ained and the oily bodies may also be pro- 
uced by direct distillation of the tar. Cer¬ 
tain fractions of the oily bodies from either 
source mav be employed in the present in- • 
50 vention. tlsing hard" wood tar, the tar is j 
distilled in a suitable still till about half its : 
weight passes over, the temperature of dis¬ 
tillation being between 100° and 250° C. j 
The first half of the distillate will consist of ! 
55 pyroligneous acid containing some' wood j 
spirit and of an oil lighter than water though 
containing some higJi-boiling heavy oils co¬ 
distilled therewith. The off and acid are j 
gravitally separated and the oil is next washed 
60 with water and with alkali to free it from acid 
and. creosote and phenolic bodies and render ! 
it neutral. It is then redistilled in any suit¬ 
able fractionating still to obtain the low boil- j 
ing fractions, the fractions between 65° C. 
§5 and 100° being particularly suitable for the 


present purposes though the fractions up to 
170° C. may be employed. The distillate is 
of course neutral, the acids and phenolic 
bodies having been removed by the alkali. 

Any caustic alkali may be used, but soda or 70 
lime are suitable. 

The oily bodies obtained in purifying pyr¬ 
oligneous acid by any of the ordinary 
methods are substantially the same as those 
obtained from wood tar and may be treated 75 
in the same manner as above indicated for 
the distillate from tar. 

After steam distilling wood and before ex¬ 
tracting with a solvent, the wood is pref¬ 
erably dried by any suitable method to per- so 
mit good extraction since water-immiscible 
solvents do not well penetrate the damp 
fiber generally left by the treatment with low 
pressure steam while water-miscible solvents, 
such as alcohol, in taking up moisture lose 85 
much of their solvent power tor rosin. Such 
drying is not absolutely necessary but it 
economizes in time and quantity of solvent 
employed. A convenient method is to fol¬ 
low the steam used in removing turpentine, i>o 
etc., with a blast of air, supplying some heat 
at the same time, either by heating the air or 
the wood. 

In the accompanying illustration I have 
shown, more or less diagrammatically, cer- 95 
tain types of apparatus of the many adapted 
for use in the described process. In this 
showing, the figure represents, partly in cen¬ 
tral vertical section and partly in elevation, 
a simple type of apparatus (chosen for illus- lot) 
tration because of its simplicity) in which the 
preliminary distillation and the subsequent 
extraction are performed in the same vessel, 
but one such vessel being shown. In prac¬ 
tice, however, a plurality of similar vessels 105 
will generally be employed, connected in well 
understood ways to permit a methodical use 
of the same portion of solvent on a plurality 
of portions of distilled wood in tne same 
manner as in diffusion batteries, thereby ol>- no 
taming concentrated solutions and economy 
in the use of solvent. In this figure, 1 is the 
extraction and distillation vessel, provided 
with removable cover 2 secured by clamping 
means 3. At its base, the vessel is provided 115 
with door 4. Internally the vessel is pro¬ 
vided with steam heating means, shown as 
steam pipes 5 placed near the sides. At 
their base, they communicate with steam 
trap 6. Steam is furnished by steam main 7 120 
from boiler 8. Another connection 9 from 
the steam main furnishes steam to a series of 
perforated steam pipes 10 or other suitable 
means for introducing live steam within the 
vessel. Pipe 11 connected to fan 12 allows 125 
the introduction of an air blast at the bottom 
of the vessel. Near the top of the vessel is 
pipe 13 allowing the introduction of rosin 
solvent from storage tank 14 while above it is 
vapor main 15 passing to condenser 16 of an 130 
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ordinary type. At its base, this.condenser 
is provided with a valved return pipe 17 
trapped at 18, to permit return of conden¬ 
sates to the extraction vessel. It is also pro- 
5 vided with another valved outlet pipe, 19, 
shown as discharging into gutter or conduit 
20 for water and turpentine. Communicat¬ 
ing with the base of the extraction vessel is 
a valved extract pipe 21 leading to rosin still 
10 22. This still is sho* n as steam heated, being 
provided with steam jacket 23, and has an 
outlet 24 for melted rosin. From the rosin 
still leads vapor pipe 25 to condenser 26 for 
the recovery’ of solvent. At its base, the 
15 condenser has discharge pipe 27 leading to 
tank 28 from which pump 29 withdraws con¬ 
densed solvent and discharges it through 
pipe 30 to the storage tank for reuse. 

In the operation of the apparatus shown 
20 and in performing the described process, the 
wood employed, which may be pine, light 
wood or any other form of coniferous wood, 
in a comminuted form, as sawdust, chips, 
‘'hogged wood,” etc.-, is charged into the dis- 
25 dilation'and extraction vessel and is subject¬ 
ed to a blast of steam from pipes 10. Heat¬ 
ing may be assisted by steam in coils 5. The 
steam, both that introduced and that.formed 
from the moisture in the wood, passes out- 
30 ward through vapor main 15, carrying with 
it the volatilized turpentine.' Water and tur¬ 
pentine are condensed in 16 and delivered 
through 19 into-20, 20 delivering the con¬ 
densate to any suitable containing vessels 
35 (not shown). . When no more substantial 
amount of turpentine is found in the conden¬ 
sate, the direct steam is turned off, the cover 
of the vessel removed and air blown through 
the wood to dry it and remove the steam and 
40 moisture. Drying may be hastened and fa¬ 
cilitated bv continuing the heating by steam 
coils 5 during the passage of the air. Hot air 
may be employed, but is hardly necessary 
since the coils furnish heat more eonven- 
4 5 iently. The first portions of air going 
through which will generally carry some 

► steam and turpentine, may be sent to the 
condenser, but this is usually hardly worth 
while. 

>0 Y\ hen the wood is sufficiently dry and free 
of steam, the introduction of air is discon* 
i tinued and sufficient solvent to cover the 
wood is introduced through pipe. 13 from 
storage tank 14. This solvent is preferably 
65 the neutral volatile hardwood tar distillate 
described, but it may be another neutral vol¬ 
atile solvent. In contact with the hot wood, 
the solvent is raised to tjie boiling tempera¬ 
ture and it is preferably maintained at this 
60 temperature by the steam coils 5, extraction 
being better at high temperatures. Such sol¬ 
vent as volatilizes passes out through vapor 
main 15, is condensed in 16 and returns to 
the extractor through 17, the valve of pipe 19 
65 being closed. After contact with the wood 


f for. a sufficient time, the charged solvent or 
rosin solution may fee drawn off through 21 
and seht to rosin still 22. Any rosin which, 
in the case of such resinous materials as 
“ light wood,” may have trickled down to the 70 
floor of the vessel during the steam distilla¬ 
tion is dissolved by the solvent during Hie ex¬ 
traction and passes outward through 21 with 
the first portions of rosin solution. After 
withdrawal of the first portion of solvent, an- 75 
other portion of fresh solvent, or solvent 
which has been previously used elsewhere, 
may be introduced if desired. 

When the extraction is completed, as many 
portions of solvent haying been used as may 80 
be desired (and the portions may be used 
methodically in a plurality of vessels as 
stated, if so desired), the solvent remaining 
adhering to the wood is removed by passing 
in a little steam which volatilizes it, the va- 85 
pors being allowed to pass through 15 into 16 
and removed as liquid at 18, or following the 
liquid extract, to pass through 2l into 22, 
thence through 25, 26 and 27 mtc 28. Hav¬ 
ing removed the solvent, the lower door of 90 
the extraction vessel is opened and x the ex¬ 
hausted wood dumped, leaving the vessel 
ready for another operation. The exhausted 
wood may be used for paper making or burned 
as fuel. The rosin solution in still 22 is dis- 95 
tilled, the solvenf being condensed and re¬ 
gained for future operations. The melted 
j rosin remaining in the still is removed 
| through 24. 

The described low-boiling hardwood tar 100 
distillate is w r ell adapted for extracting other 
valuable resins from wood as well as for ex¬ 
tracting rosin. 

By separately extracting the turpentine 
and resin in the manner described, the aualitv 105 
of each is improved. In extracting them to¬ 
gether from the wood by solvents, as in the 
| prior art, a mixture of solvent, turpentine 
and the resin, such as rosin, is obtained from 
which solvent and turpentine must be frac- 110 
tionated. As turpentine boils at a* compara¬ 
tively high temperature, in removing the last 
fractions of the turpentine from such a mix¬ 
ture there is apt to be some decomposition of 
the rosin, forming rosin oils which mix with 115 
the turpentine, injuring the quality of the 
rosin. And, in using the petroleum oils as 
solvents, the turpentine is apt to be con¬ 
taminated with high-boiling impurities there¬ 
from. The rosin itself is apt to be injured by 120 
the prolonged heating at high temperatures 
in removing the solvent and turpentine, 
darkening in color. And, as stated, when re¬ 
moved from the wood bv hydrocarbons, it is 
apt to be different in composition from ordi- 125 
nary rosin. The described neutral tar distil¬ 
late on the other hand gives a good quality of 
rosin. 

While when employing the described low- 
boiling hardwood tar distillate as a solvent. 130 
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both turpentine and resin can be simulta¬ 
neously extracted, yet I regard it as prefer¬ 
able to extract them successively in the man¬ 
ner described, first distilling off the turpen- 
5 tine and then using the solvent. 

The volatile solvents stated, like all those 
generally classed under that name, are neu¬ 
tral bodies; that is, chemically indifferent to¬ 
ward acid and alkali. This characteristic, 

10 and particularly the indifference toward acid, 
is valuable for the present purposes since 
alkaline-reacting bodies would tend to com¬ 
bine with the resin acids to form soapy bodies 
whence they could be removed only with dif- 

15 ficulty. 

What I claim is:— 

1. The process of extracting turpentine 
and rosin from wood which comprises dis-, 
tilling off volatile bodies from a resinous 

20 wood at a temperature insufficient to injure 
the rosin, and subsequently extracting the 
wood with a neutral volatile solvent to re¬ 
move rosin. 

2. The process of recovering turpentine; 

25 and rosin from wood which comprises distil¬ 
ling off turpentine from resinous Rood in a 
current of steam at a temperature below the 
boiling point of turpentine and subsequently 
extracting the wood with a neutral volatile 

30 solvent to remove rosin. 

3. The process of redovering turpentine i 
and rosin from wood which comprises dis- i 
tilling off turpentine from resinous wood in a 
current of steam at a temperature below the 

35 boiling point of turpentine, drying the wood 
to remove the steam and subsequently ex¬ 
tracting the wood with a neutral volatile 
solvent to remove rosin. 

4. 'The process of recovering valuable prod- 

40 ucts from coniferous woods which comprises 

extracting such woods with a neutral low- 
boiling distillate from hardwood tar. 

5. The process of recovering turpentine 
and rosin which comprises distilling off tur- 

45 petitine from a resinous wood in a current of 
low pressure steam and subsequently ex¬ 
tracting rosin from the wood with a neutral 
low-boiling distillate from hardwood tar. 

6. The process of recovering turpentine 

50 and rosin which comprises distuling off tur¬ 


pentine from a resinous wood in a current of 
low pressure steam, drying the wood to re¬ 
move the steam and subsequently extracting 
the wood with a neutral low-boiling distillate 
from hardwood tar. 55 

7. The process of recovering valuable prod¬ 
ucts from wood which comprises placing 
such wood in. a suitable container, distilling 
off volatile bodies from such wood in the pres¬ 
ence of aqueous vapor at a low pressure and 60 
temperature, removing such vapor from con¬ 
tainer and wood, and extracting the wood 
remaining in such container with, a neutral 
volatile solvent. 

8. The process of recovering valuable prod- 65 
ucts from resinous wood which comprises 
placing such wood in a suitable container, 
distilling off turpentine in the presence of 
aqueous vapor at a low pressure and tempera¬ 
ture, removing such vapor from container 70 
and wood and extracting rosin from the wood 
remaining in the container with a neutral 
volatile solvent. 

9. The process of recovering rosin from 
wood which comprises placing comminuted 75 
resinous wood in a suitable container, dis¬ 
tilling off turpentine and volatile bodies in 

a current of steam at a temperature below 
the boiling point of turpentine, removing 
steam and moisture from the wood in said 80 
container, extracting the rosin from the 
treated wood with a neutral volatile solvent 
and recovering the rosin from the rosin solu¬ 
tion so formed. 

10. The process of recovering turpentine 85 
and rosin from wood, which comprises dis¬ 
tilling off turpentine from resinous wood in a 
current of steam at a temperature below the 
boiling point of turpentine, the passage of 
said steam being continued until substan- 90 
tially no more volatile products are carried 
over thereby, and subsequently extracting 
the wood with a neutral volatile solvent to 
remove rosin. 

In testimony whereof I affix my signature 95 
in the presence of two subscribing witnesses. 

GEORGE WALKER. 

Witnesses: 

William E. Reilly, 

Frances Forester. 
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It is hereby certified that in Letters Patent No. 922,369, granted May 18, 1909, 
upon the application of George Walker, of New York, N. Y., for an improvement in 
“ Processes of Extracting Resin and Turpentine,” an error appears in the printed 
specification requiring correction, as follows: In line 26, page 4, the word “Rood” 
should read wood; and that the said Letters Patent should be read with this correction 
therein that the same may conform to the record of the case in the Patent Office. 

Signed and sealed this 8th day of June, A. I)., 1909. 

[seal.] C. C. BILLINGS, 

Acting Commissioner of Paten**. 
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Specification of Letters Patent. Patented April 20, 1909. 
Application filed July 13. 1906. Serial No. 326 . 086 . 


To all whom may concern: ^ r into said extraction chamber a so-called “re- 

Be it known that I, George B. Frank- ! claimin'.: fluid’’. This reclaiming fluid must 
porter, a citizen of the l nited States, rcsid- i have a density which is different from that of 


ing at Minneapolis, in the county of Ilcnno 
5 pin and State of Minnesota, have invented 
certain new and useful Improvements in 
Processes of Extracting Turpentine and 
Resinous Matter from Wood: and I do here¬ 
by declare the following to he a full, clear. 

10 and exact description of the invention, such 
will enable others skilled in the art to 


as 


the solvent fluid, and it must be of such na- 60 
ture that it will not permanently commingle 
therewith. T<» secure the best results, tlie 
said reelaiming fluid should be one whose 
density at the temperature at which recla¬ 
mation or separation takes place, is greater 65 
than that of the solvent fluid, so that the lat¬ 
ter will i>e caused to rise to the top of the ex- 


which is appertains to make and use the traction chamber and may be caused to pass 
S:mu ‘- ... out of an opening in the upper portion of 

My invention has for its object to provide said extraction chamber. To illustrate more 
15 an improved process of extracting tin-pen- 1 clearly, suppose that petroleum ether, whose 
tine and resinous matter from resinous wood, 1 specific gravity is .67 and whose boiling point 
and to this end it consists of the novel treat- is about 55 degrees C., is used as a solvent 




inont and sequential steps of treatment here- fluid, and that water at a temperature above 
i.uufterset forth and defined in the claim.! the boiling temperature of said solvent fluid 75 
carrying out1 his improved process, the is used as a reclaiming fluid. Under the 


In 


wood is preferably Ii?-si cut into small par- treatment just described, the solvent fluid is 
tides and may be in the form of saw-dust, converted into vapor and, hence, is caused to 
shavings, ‘excelsior , or chips. The wood free itself from the wood particles, so that it 
may he cheaply and practically reduced to ' may rise in the extraction chamber above SO 
25 chip form by running the same through w hat t ho reclaiming fluid. Again, suppose that 


1 


,s |l|^ 0 ""n in saw mill parlance as a “hi)"*'. carbon disulfid, whose gravity is 1.29. and 
The wood to be t reated by the process, is ; whose boiling point is about 47 degrees Cent., 
>laced within a suitable containing vessel, j is used as a solvent liquid, and that hot water 
Hereinafter designated in the description of i is used as a reclaiming fluid. • In this in- 


30 tiie apparatus as an “extraction chamber’', j stance {lie solvent fluid is of greater density 
and it is subjected to the action of one of the ! than the reclaiming fluid at temperat ures be- 
carbon compounds, such us ether, petroleum j low 47 degrees Cent., hut above 47 degrees 
etl\cr, or carbon disulfid, which has the prop- j Cent, the said solvent fluid, to-wit, the ear- 
<‘it\ of dissolving and holding in solution the I bon disulfid, wil 


85 


ill be vaporized and the den- 
ity of this.vaporized carbon disulfid is less 
than that of the reclaiming fluid (the water), 

1 • • 1 4 • A 1 ^ *_i. ^ __ J L A .A. a! a 
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35 turpentine and resinous matter of the resiri- 
ous wood. 

J lie solvent liquid charged with turpep- ; and as is evident, in this instance, the recla- 
tine and resinous matter held in solution i mat ion or separation of the solvent fluid from 
thereby, is drawn ofr from the wood into a ! the reclaiming fluid takes place at or above 95 
40 suitable containing vessel hereinafter desig- j the boiling temperature oi the said solvent 
nated in the description of the apparatus as liquid, to-W'it, the carbon disulfid. 
a boiler, and by a low boiling temperature, in- ; When -water is used as a reclaiming fluid, 
sufficient to boil the turpentine and resinous j the wood from which the turpentine and res- 
matter, the solvent liquid is vaporized and is i inous matter Is extracted will remain intact 100 
45 returned to the extraction chamber, while j and no material change will take place in the 


the turpentine and resinous matter are de¬ 
posited in the boiler, from which boiler said 
turpentine and resinous matter may be drawn 
ofr from time to time. 

50 After the turpentine and resinous matter 
have been extracted from the w r ood and car¬ 
ried from the extraction chamber by the sol¬ 
vent fluid, a very considerable amount of 
solvent fluid will remain in said extraction 
55 chamber; and in order to reclaim and save 
such portion of the solvent fluid, I introduce 


structure *>f the w*ood fiber. ’ 

The process above described, while inde¬ 
pendent of apparatus may, nevertheless, be 
economica lv carried out on a commercial 105 
scale by means of an improved apparatus 
disclosed and claimed in a companion appli¬ 
cation filed by me of date July 13, 1906, Se- * 
rial No. 3-6,084, entitled “Apparatus for use 
in extract ug turpentine and resinous matter no 
from resi ous wood ’. The said apparatus 
is herein illustrated and*’described for the 
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105 

2 
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purpose of illustrating more cleadv the man- om { 0 f w hich. as shown, arc connected two 
her in which the improved process herein pipes 20 and 21. The pi] 


10 


15 


pipe 20 leads down- 

claimed may be economically carried out on ward and terminates in the lower portion of 
a large scale. the boiler 1. while the pipe 21 is directly con- 

The said apparatus is illustrated in it he nected, ifs shown, to one of the pipes 10 and 70 
single view of tlie drawing. hence is indirectly connected to all of said 

Keferring to the drawing, the numeral 1 pipes 10 and to tlie pipe 11. Any vapor de- 
imlicates a large tank preferably horizon tally live red into the coil 19 from the pipe 21 will 

disposed and constructed of steel, and which, be condensed and will run back into the 

on account of one of the functions, which it boiler 1, through the pipe 20. 
performs, and for the sake of definiteness in For purposes whicu will hereinafter ap- 
the description of the apparatus, 1 designate pear, tlie several pipes-are provided with 
as a. boiler. This boiler 1, as shown, is pro- i valves located as follows: En.cn pipe 9 is pro¬ 
vided at or near its bottom with a draw-off vided with a valve 22; each pipe 10 is pro- 

5 cock or faucet 2, and at its top is provided vided with a valve 23; each pipe 14 is pro- SO 


7'» 


sr> 


with a'safety valve 3 of the usual or any suit- i vided with a valve 24; eaclt pipe 15 is pro- 
able construction. , vided with a valve 25; and the continuous 

Located above the boiler 1 is a plurality of pipe 13 is provided with valves 20 aid 27. 
so-called “extraction chambers” which are The valves 20 and 27 are located on- at < <*h 
20 adapted to contain the wood or resin eon- side of each of the outlet pipes 12. 

tainm" material. As shown, these extrac- The wood in the form of chips, shavings, 
tion cnambers 4 are in the form of upright excelsior or saw-dust is, of course, placed in 
metal drums and they are provided with de- ! the respect ive extraction chambers, while tlie 
tachable bottoms 5 and removable upper end tops 6tbereo ; are removed and while the bot- 
25 cans G, which parts 5 and 0 may be detach- ! toms 5. thereof are secured in position. The 90 
ably secured by means of threaded engage- preferred manner For carrying out the im- 
ment, or by an\* other of the well known ' proved process by means of the apparatus 
means for detachably securing such parts. above described is ,;s follows: One of the ex- 
\ apor delivery pipes 7, S and 9 connect the tract ion chambers 4. let us assume the one at 
5 f > upper portion of the boiler 1 with the upper the left as shown in the drawing, is first Idled 
portions of the several extraction chanlbers - with the wood particles and the boiler 1 is 
4. The pipes 9 terminate, within the respec- 1 part ly filled with the solvent liquid, which we 
tive extraction chambers, in annular perfo- i will assume to be petroleum ether which is a 
rated spraying coils 9 tt . Ueturn pipes 10 and ! low boiling hydro carbon compound having 
-5 ]l connect tlie lower or bottom portions of tlie property of dissolving and holding in 


!)» 


100 


the several extraction chambers 4 with the solution turpentine and resinous mutter. We 


lower portion of the boiler 1. (hit 1*4 pi|>os 12 ; will now assume t hat all of the valves 24, 25, 
lead upward from tlie top of the several ex- 1 26 and 27 are closed, that the valves 22 and 
traction chambers 4 and these mulct pijles 12 j 23 of the said first extraction chamber at the 
40 are connected by an endless pipe 15. In tlie' left are opened, and that all other of the 105 
drawing, the several extraction chambers 4 i valves 22 and 23 arc closed. \Ve will nowas- 
are shown as located in a row, but in practice , sumo that the solvent fluid 2 in thc'boiler 1 
they might be placed in circular arrange- j is hooted to a temperature suliieient to 
ment and. of course ;m\ .! . umlww ;.f vaporize lhe said solvent liquid which, if the 

same be petroleum ether, requires a tempera- 110 
1 ure abo\ e 55 degrees ( . 1 he solvent vapor 

r onor:ited in the boiler 1 will pass upward 


ment and, of course, an\ desired number of 
45 the said extraction chambers m.iv be cm- ‘ 
ployed. 1 he short pipe s*-et ions ll.asshowii, i 
connect the endless pipe 15 to the several ! 


pipes 9. Pipes 15 open into ihe lower por- tlmmgii J!i<‘ pij>e 7 and through the loft hand 
tions of the several e\l radio* chambers 4. 1 pipes S and 9 and spraying coil 9 U , and will 
50 for a purpose which will hereinafter appear. j !><* discharged into the lelt hand extraction 115 
Bent tubes 16 open to the atmosphere in the ; ebamber 4 and directly upon the wood oar- 
upper portions of the se v e ral -extraction j tides it confined in said extraction chamber, 
chambers 4. I hose tubes, when partly filled The vaporized solvent fluid upon cooling will 
with water or other heav\ liquid, constitute condense, within the said extraction chamber 
water traps or seals that are normally closed 


As a means for heating tlie contents of ihc 
boiler 1, a closed steam conveying coil leads 
from a suitable source of steam supplv 17 and 
extends along the inner iower portion of said 
c.O boiler. 

. The numeral IS indicates an elevated 
water-containing tank which is adapted to 
be supplied with cokl water by any suitable 
connections, (iiofcfifibwn).- Within tin* tank 
tb IS is a condensing coil 19, and to the lower 


-! and will trickle down upon tlie wood par- 120 
tich-s and wili dissolve and take, into solution 
the turpentine and resinous matter thereof, 
and from said extraction chamber will flow 
back through the Jolt hand pipe 10 and the 
. return pipe 11 into the boiler 1. By .the 125 
steam cod 1 1 or other suitable means, the 
temperature ot the liquid within the boiler 1 
is kept above the boiling temperature of the 
said advent b pud, so that tlie said solvent 


, iiquiu is 


continuously vaporized and caused 130 



r 

► 
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to travel the course iust described, through f ward How of the said solvent liquid. The 
tiie extraction chamber noted and through said reclaiming liquid may be drawn off from 
the wood particles contained therein, and the extraction chamber by any suitable dc- 
thence back to the boiler. The solvent liquid vice asj for instance, by allowing it to run 
5 is revap'orized by a temperature which is in- backward through rtie pipe 15: or it may be 
sufficient to vaporize eitlier the turpentine or removed from the said extraction chamber 
the resinous matter and. hence, the said tin- together with the wood particles, when the 
pentine and resinous matter is continuously i bottom of the said chamber is removed. 


50 


55 


deposited in the bottom of said boiler, from 
10 which boiler it may, from time to time, be 
drawn off through the faucet 2. 

After the extraction of the turpentine and 
resinous matter from the wood contained in 
the said extraction chamber at the left, the 
15 valves 22, 23, 24 and 26 adjacent thereto, 
should he closed and the valves 25 and 27 
adjacent thereto should be opened and also 
the valves 26 of the second or intermediate 
extraction chamber should be opened up. 
l'O The opening of the valve 25 will permit the 
reclaiming fluid, which we will assume to lx 


The above arrangement, as is evident, 
makes it possible to continuously carry out 
the process of extracting the turpentine and 60 
resinous matter by always rendering avail¬ 
able for use at least one of the extraction 
chambers. 

Any of the solvent liquid which may be 
converted into vapor within any of the pipes 65 
10 or 11 may rise through the pipe 21 into 
the open coil 1!) where it will he condensed 
and from thence may run hack to the boiler 
1 through the pipe 20. 

With the apparatus above described, it is 70 




water, to run into and fill the said first or left possible to have two or more of the extrac 
hand extraction chamber, thereby forcing 1 tion chambers in action at one time. Be- 
the lighter solvent fluid out of the said first fore the faucet 2 is opened up to draw off the 
extraction chamber and into the second or turpentine and resinous matter, it is ad vis- 
intermediate extraction chamber. In this able lirst to close the valves 23 in the returi 
way, the solvent fluid left in the first extrac- pipes and to open the valves 22 in the supply 
tion chamber, after the extraction of turpen- pipes t), and by the application of heat to the 
tine and resinous matter from the wood has contents **f the boiler I to vaporize the ><;I- 


i o 


30 been completed, is not only reclaimed and 
saved, hut is forced into the second extrac¬ 
tion chamber. In practice, the so-called 
“second’’ or intermediate extraction cham¬ 
ber should be filled with the wood particles 
35 while the extraction of turpentine and resin¬ 
ous matter from tlie wood contained in the 
first extraction chamber is taking place. 

The crooked tubes Hi which constitute a 
sealing device and which normally contain 


vent liquid and drive the same from the 
boiler into the extraction chambers. 

What ! claim i*>: 

The process of extracting turpentine and 
resinous matter from resinous wood l>\ 
means of a solvent fluid, and in reclaiming 
the solvent fluid, after extraction lias hern 
completed, which consists in subjecting the 
wood to a solvent fluid and thereafter apply¬ 
ing to said solvent fluid a reclaiming fluid in 


st* 


S;> 


40 water or other liquid, are preferably made of • liquid condition but at a temperature abov< 


glass, so that the operator (am tell, by ob 
serving the upward movement of the liquid 
in said tube, when the extraction chamber 
has been tilled with the water or other re- 
45 claiming fluid. * After the first or left hand 
extraction chamber has been filled with the 
reclaiming liquid, and the solvent liquid has 
been forced out of the same, the valve 27 
thereof should be closed to prevent the back- 


tliat of the boiling {mint of said solvent, 
whereby the said solvent is vaporized and 
removed from the wood and reclaiming fluid. 

In testimony whereof ! aflix mv signature 
in presence of two witnesses. . 

GEORGE B. FRANKFURTER. 

Witnesses: 

Mai.ie Hoel, 

F. 1). Merchant. 
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To *11 *rhwn, it may concern: 

Be it taiown that I, David J. Ooilyy, a 
ritizer. of the United States, and a resident 
of the city of Cincinnati, in the county of 
.> Hamilton and State of Ohio, have invented 
verLain new and useful Improvements in 
the Processes of Extracting Resins, Oleo- 
resins. Oils. and Turpentines from Resinous 
VV oeus, of which the following is a speei- 
io Bcation. reference being had to the accom¬ 
panying drawings, forming a part of this 
specification.; 

the usual solvent methods employed for 
tile extraction and separation of the resins 
ir, And oleoresins from resinous woods and 
such like are by the application with heat 
of such solvents, as petroleum distillates, 
pine oik. crude turpentine, alcohol, pine tar. 
rosin, and such like. I have discovered a 
2a saore economical, safer from fire and explo- 
arid simpler method of procedure, 
the subject of the present invention;; in 
**au;h a resin solvent, water and heat are 
liie agents, which will be more specifibealh 7 
25- pointed out and claimed. 

In the drawing, the figure is a plan view 
in elevation of the apparatus need bv me. 

In operating this improved process*, an 
apparatus is provided, having a digester or 
30 extractor 1. with ample openings for charg¬ 
ing a>nd discharging, each opening with its 
covers 2 and 3 respectively. This extractor 
i is practically filled with the resinous ma* 
fceriai to be operated on. as. for example. 
35 'lireds. chips or sawdust from coniferous 
wood*. A still 12 placed" :rt a lower level' 
than 1 is filled about thre*-fourths full of 
a mixture of the resin solvent and water. 
Heat is applied to the still 12 (by direct fire 
4 0 on the grate 4. if desired) and the liberated 
vapors of water and resin solvent are al¬ 
lowed to enter the extractor 1 preferably at 
the bottom through the pipe 5 which con¬ 
nects the still and the extractor. This pipe 
45 ha^ valves 6 and 7,.the valve 6 being opened 
and trie valve 7 closed, when it is desired 
to have the combined vapors pass through 
the resinous wood. The resuit of the pass¬ 
ing of these combined vapors through the 
50 resinous material is that the resins, oleo- 
resinsand turpentine oils present are washed 


out and cunri**d back into the still 12 through 
the pipe .5. this operation being continued 
until the extraction is sufficient. A reflux 
condenser 8 is placed at a higher elevation 56 
than the extractor 1, so that the excess va¬ 
pors of water, resin solvents and turpentines 
may be condensed and returned to the ex¬ 
tractor 1 and the still 12. When the oper¬ 
ation is completed, the still 12 containing 60 
the water}- liquid and the resinous magmn 
is connected with the exhaust condenser 
9 and disconnected with the extractor 1. 
through the agency of the valves b and 7. 
The apobt;. tion of heat to the still 12 is con- 65 
tinueef and a preliminary separation of the 
resin solvents, tnrpentines and oils is made, 
the resulting distillate being further frac¬ 
tionated as desired. The resinous magma 
and watery liquor remaining in the still 12 70 
are separated, and the magma utilized for 
the production of rosin proifucts. 

By inclosing the extractor 1 in brickwork 
as shown, the extractor may be then heated 
directly by furnace and fines 10, this modi- 75 
fixation being more conveni«it for treating 
the resinous woods and such like by sub¬ 
mergence in the heated mixture of resin 
solvent and water. In this case/ the resi**- 
ous wood, preferably reduced so as to facili- SO 
tate the action of the solvents, is introduced 
into the extractor 1, filling it about three 
fourths full, closing the valve 6 and the dis¬ 
charge cover 3. Enough of a mixture of 
resin solvent and water is added to just 85 
cover the resinous material under treatment. 
Heat is applied to the extractor 1 by the 
furnace and flues so long as there is evidence 
of sufficient resinous and oily material be¬ 
ing extracted, the vapors from the operation 90 
being condensed and returned to the extrac¬ 
tor 1 bv the reflux condenser 8. When the 
extraction hus been sufficient, the heating is 
discontinue! and the watery liquor and--res- . 
inoufi magnet transferred to the still 12 by 9.5 
opening the valve 6. Any resinous magma 
remaining among the treated material may 
be removed by drenching with warm water. 

By now heating the resinous magmV and 
the water}' liquor in the still 1-2, opening tffie ioo 
valve 7 and closing the valve 6 the reainoui 
solvents and turpentine- oils in vapor form 
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ass into the exhaust condenser 9, and maj 
ave a preliminary separation, to be fur¬ 
ther fractionated as desired- A“ e resinous 
magma remaining in th» still 1*® separated 
5 from-the watery liquor and is available for 
the production of rosin products. 

Other designs of apparatus are available. 
The extractor and still may he com. ed in 
one vessel, extractors in which the resin sol- 
10 vents and water circulates, When the re¬ 
sidual wood is required for pulp making 
an ordinary pulp digester with some alter¬ 
ations and additions may be utilized, there- 
bv making the extraction of the resins and 
15 oils and tne production of pulp all in one 
vessel. . 

When the resinous magma floats on the 
surface of the watery liquor, it may be~ 
easily removed by overflowing with water 
20 through pipe 11. 

When the resinous wchk! operated on is 
rich in turpentines, it may be exposed to a 
preliminary steaming, and part of the tur¬ 
pentines will be carried over with the steam 
2 ", into the exhaust condenser 9. In this case, 
much of the resins are separated and remain 
mingled throughout the wood, and conse¬ 
quently are difficult to recover. Bv then 
adding a mixture of water and a resin sol- 
30 vent such as an .850 sp. gr. petroleum and 
heating the whole, the resins, oleoresins 
and turpentine oils will be assembled and 
at the same time more fully extracted from 
1 lie wood, and mav be then run off from 
35 the wqpd with the watery liquor, the chips 
being further drenched with hot water to 
remove more thoroughly any remaining 
resinous magma. When the resinous ma : 
terial operated on is practically free from 
40 turpentines such :ts resinous wood which has 
been exposed to the weather, or which has 
become impregnated with rosin such as 
cooperage, or batting dross and such* like, 
the operation then becomes simplified in so 
-15 far that the separation of the turpentine is 
not a primary object, and the resin solvents 
in such case may be used coniinuoiislv until 
they become well saturated with turpentines 
and oils, it will then be time to fractionate 
50 and separate what turpentines and oils may 
be present. — -- 

The resin solvents required in my process 
depend on the final or ultimate use for 


which the resins are required; if in & hard 
and solid condition then it is proper to use 5 c 
a solvent which will evaporate easily in low • 
pressure steam, whereas if the resin is re¬ 
quired in a fluid or semisolid condition then 
a still heavier solvent should be used in the 
extraction as the solvent may become an in- 60 
tegral part of the result. I prefer the re¬ 
fined distillates from mineral oils, coal tax • 
and wood, which begin to boil at 120° C. (in 
absence of water) and distil dry about 
220° C. Resin solvents which do not volatil- 65 
ize to any extent until the water begins to 
boil are preferable, as the resulting mix¬ 
ture of resin solvent vapor and steam is 
comparatively free from nre risk.. Resin 
solvents which volatilize freely below 100° C., 70 
such as benzene, petroleum naphtha, wood 
and grain alcohol, are very effective in my 
process, provided the extra fire risk is no ob¬ 
jection, while resin solvents which will not 
easily volatilize until exposed to high pres- 75 
sure or suj>erheated steam are also very ef¬ 
fective, such as petroleum oils, specific grav¬ 
ity .865 or .890. In using heavy resin sol¬ 
vents the separation of the turpentines and 
oils is simplified. 80 

Among the advantages of this improve¬ 
ment are the following: economy m the 
quantity of resin solvent required, the facil¬ 
ity of volatilizing and refluxing the resin 
solvents at a comparatively low tempera- 85 
ture, reducing the tendenc\- of the wood 
chips to pack. In the submergence method, 
the addition of salts such as calcium chlorid 
to the water, reduces the tendency of the 
wood chips 10 pack, and such salts are use- 90 
ful in increasing the temperature of the di¬ 
gestion and in vapor methods, resulting in 
quicker results. 

Naphthalene is a desirable solvent in ray 
process on account of its low price ; its easy 95 
volatility, recovery and purification. Its 
specific gravity results in its being less 
buoyant in water than the lighter solvents, 
therefore, it has a tendency to keep diffused 
more thoroughly among the wood chips in 10' 
submergence. 

The following few exumples will illustrate 
proportions applicable in this improvement, 
talcing an ordinary average grade of air dir 
pine wood in the form of chips. 

For the vapor method: 


Wood. 30%. Commercial xylene. 20%. Water 

Wood.40%. Petroleum S. G. .810.20%. Water 

Wood.•_ 50%. Commercial benzol. 10%. Water. 

Wood..30%. Alcohol... 15%. Water. 


50%. 

40%. 

40%. 

55%. 


For the submergence method, the following proportions give good results: 


Wood.30%. Naphthalene.. 20%. 

Wood... 30 %.r Petroleum S. G. .800.. 30%. Water.. 30%. 

Wood. 15%. Naphthalene. .. 5%. 

Batting dross_25%. Paraffin oil S. G. .890 . 25%. 


Water. 

Calcium chlorid.. 

Water.. 

Water.... 


50%. 

10%. 

80%. 

*50%*- 
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On account of the continuous presence of 
water or its vapor, and the comparatively 
lo* temperature at which the operation may 
he conducted, there is a minimum loss of the 
5 volatile con ten ta 

The submergence method results in the 
uniform heating of the material. 

In operating on sawdust by the submer¬ 
gence method, it is advisable to have a lapger 
10 percentage of water present, than when 
chips are operated on. so as to prevent pack¬ 
ing. In treating sawdust I prefer a refined 
petroleum s p. gr. .825. resulting in a resinous 
magma which floats, while the sawdust be- 
15 coming saturated with water, sinks. 

It will be noted that the waters and sol¬ 
vents are in each case applied in the same 
physical condition. The molecules of water 
and solvent, or of steam and.vaporized sol- 
20 vent accompany each other and act simul¬ 
taneously throughout the process. Hie effi¬ 
cacy of action and great fire protection in 
the. extracting of rosins and turpentines 
from wood, is thus accomplished by me. 

25 The matter of economy m die present 
process is & very important feature, the 
presence of the water or steam enabling me 
to divide and spread a small percentage of 
(he solvent over a large suriace. whereas 
30 if* a same percentage of resin solvent yvas 
used minus the water it would practically 

be lost bv l>einir absorbed bv the resinous 
« * •> 

wood operated on. Another advantage of 
my process is the low temperature at which 
35 the operation may be conducted, the pres¬ 
ence of the water enabling the resin solvent 
to volatilize, at a lower temperature than 
when the resin solvent is volatilized alone; 
ms for example, wood 15%, naphthalene 5%, 
40 water 80%. Such a mixture operates satis¬ 
factorily at the temperature oi the boiling 
water. Now omit the water and try the 
extraction of the resins from the wood with 
naphthalene alone, which volatilizes very 
•15 slowly until it arrives at its boiling point, 
viz.; 218 C.: whereas when water is present 
the naphthalene volatilizes quite freely at • 
the temperature of the boiling water. In 
the case where alcohol is used as the agent, 
when the dilute alcohol is introduced into 
the still, the mixed vapors which pass into 
the resinous material usually have a pre¬ 
ponderance of alcohol, thus rendering it 
more active as a solvent; this solution re- 
5 turning to the still, is revolatilized leaving 
the resins remaining in the still and the 
alcohol passing up with the steam among 
the resinous wood continues the action. 
Taking all in all, then, among the ad- 
0 vantages of this improvement are the fol¬ 
lowing: The operation may be conducted 
at a comparatively low temperature. The 
continual presence of water or its vapor re¬ 
duces the risk of fire and explosion. The 


water and steam assist in disintegrating the 65 
wood so that the resin solvents may have 
free action. The presence of the water or 
steam divides «nd spreads the resin solvent, 
even when a minimum percentage of resin 
solvent is Used. It facilitates t!>e refluxing 7r. 
or returning of the resin solvent to tl)c ex¬ 
tractor or tin* still, 9o that it may be re- 
vaporized continue its action on the 

resinous wool 

Tin* use of water in either liquid or vapor 75 
form at substantially the boiling }x>int of 
water. Ixnng so closely allied, the chemical 
term H.O seem*, applicable in a broad sense 
to express the essence of my invention, and 
if is so used in the claims, when either so 
steam and water or both is intended. Thus 
a reservoir filled full of wood and only 
part full of water and solvent, would use 
both the water and the steam process. 

1 claim: 85 

1 . 'Hie method of extracting and separat¬ 
ing the resins, oleoresins. oils and turpen¬ 
tines from resinous woods and the like, 
which consists in submerging the resinous 
wood to be operated on in a mixture of 90 
water and resin solvent, and exposing the 
whole to heat to boil the mixture, substan¬ 
tially as described. 

2 . The method of. extracting and separat¬ 
ing the resins, oleoresins. oils and turpen- 95 
tines from resinous woods and the like, 
which consists tin exposing the wood to an 
initial heating in water, adding resin sol¬ 
vents, then continuing the heating at the 
temperature required to boil the water in (oo 
presence of the resin solvent and wood. 

3. The method of extracting and separat¬ 
ing the resins, oleoresins, oils and turpen¬ 
tines from resinous woods, which consists 

in exposing a mixture of comminuted resin- 105 
ous wood, a resin solvent and water at the 
temperature necessary for boiling in the 
mixture, to active circulation and agitation 
so as to retard the settling and cohering of 
the comminuted wood. 110 

4. The method of extracting and separat¬ 
ing the resins, oleoresins, oils and turpen¬ 
tines from resinous woods and the like, 
which comprises exposing the wood to the 
combined action of resin solvent and water lie 
at the temperature necessary to boil same in 
conjunction with a resin solvent, then ex¬ 
posing the resulting resjrious magma to a 
further heating so as tt> separate the light 
oils and turpentines from the resinous 3 20 
magma by distillation. 

5. The method of extracting and separat¬ 
ing the resins, oleoresins, oils and turpen¬ 
tines from resinous woods, which comprises 
the subjection of a proportion of wood to 125 
the combined action of a mixture of water 
and a resin solvent at the temperature nec¬ 
essary, to hpil same in the mixture in pro- 
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portions larger and smaller than the propor¬ 
tions of wood respectively. 

6. The method of extracting and separat¬ 
ing the resins, oleoresins, oils and turpen- 

5 tines from resinous woods, which consists in 
exposing the wood to the action of water 
at the temperature necessary to boil same 
iii conjunction with an oily and spirituous 
resin solvent, resulting in the resinous and 
10 oily constituents of the wood being sepa¬ 
rated in the condition of a magma, then 
exposing said magma to heat in a still to 
remove the lighter turpentines and oils, 
leaving the heavier oily constituents in com- 
16 bination with the resins. .. 

7. The method of extracting and separat¬ 
ing the resins, oleoresins, oils and turpen¬ 
tines from resinous woods, which consists in 
treating the woods simultaneously with 

20 resin solvents and H 2 0 at a temperature 
substantially that of the boiling point 
t hereof. 

8. The method of extracting and separat¬ 
ing the light oils and turpentines from resin- 

26 oils woods and the like, which comprises the 
subjection of the resinous woods to the ac¬ 


tion of resin solvents in the presence of 
HjO at boiling temperature. 

9. In the extraction of rosin and turpen¬ 
tine from coniferous wood, the process 30 
which comprises simultaneously treating 
such wood in a comminuted state with water 
and a volatile solvent at them joint boiling 
point till the rosin and oils are dissolved and 
extracted by such volatile solvent, the 35 
amount of such volatile solvent present be¬ 
ing greater than that naturally present in 
the wood. 

10. In the extraction of rosin and turpen¬ 
tine from coniferous wood, the process -to 
which comprises heating such wooa at a 
temperature below 100 c (\ in the presence 

of water vapor and vapors of a volatile 
solvent till the rosin and oils are extracted 
by such volatile solvent, the amount of vola- 
tile solvent present being greater than that 
normally existing in the wood. 

DAVID J. OCrTLVV 

Witnesses: 

Martin Ai.i.kn, 

K. Smith. 
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10 


To all whom it may concern: j benzin, naphtha, petroleum or other suit- 

Be it known that.!, IIomer T. Yaryan, a able hydrocarbon introduced through pipe 2 
citizen of the United States, residing at To- ' trom the hydrocarbon tank 3. The butn of 
ledo, in the county of Lucas and State of j hydrocarbon penetrates the woody particles 

5 Ohio, have invented certain new and useful I an^l dissolves and washes out from the. chips . ) 

Improvements in Processes for Removing ! the turpentine and rosin. From the bottom 
Turpentine and Rosin from Resinous Woods; ; of the extractor the solution is conducted 
and I do declare the following to be a full, ; through u coil 4 inclosed in a steam drum 5, 
clear, and exact description of the invention, j which coil discharges into a separating cham- 
sueh as will enable others skilled in the art to • her 0 . The steam around the coil 4 is at such 05 
which it appertains to make and use the j pressure and temperature as to heat the 
same, reference being had to the accompany-; liquid flowing through the coil sufficiently 
ing drawings, and to the figures of reference j to vaporize the hydrocarbon solvent, bur not 
marked thereon, which form a part of this ! the turpentine,—say 240° F. Wnen the 
15 specification. liquid flows into the separating chamber 0 , 70 

In the process of extracting turpentine and j the liberated vapor escapes through-pipe ? 
rosin from resinous woods by means of a i into condenser S from whence it nows 
hydrocarbon solvent,™such as naphtha,— j through pipe 9 back to the hydrocarbon 
the recovery of the rosin from the solution, ! tank 3 to be again used. 

20 by distillation, is a comparatively simple ! The unvaporized contents of the separat- 7 1 

matter, but the complete separation of all ; ing chamber 6 are conveyed through a second 
the turpentine from the solution presents 1 heating coil 10 , inclosed in a steam drum 11 , 
difficulties which have heretofore prevented ! to a second separating chamber 12 . The 
the Adoption of such process on a commercial j liquid in its course from the first separating 
25 scale. This difficulty is due to the fact that chamber to the second is mixed with steam sc 
in vaporizing and distilling a mixture of two : or water through pipe 13 to facilitate the 
or more volatile liquids having different boil- 1 vaporization of the t urpentine and solvent 



lighter constituents. This renders necessary 
the further and repeated fractionation of the 
distillate, and as heretofore practiced, in- 
35 voives such expense and outiav of time and 


from lire coil 10 is discharged into the sepa¬ 
rating chamber 12 the liberated vapor flows 


ap< 

through pipe 14 t< condenser 15 leaving the 
rosin to te tranivd off and condensed 00 


labor as to preclude the profitable use of the through pipe 10 1 its recepta* 17. 


Owing to the law governing the vaporizing 
of a mixture of two or more volatile liquids, 
aboveindicated,theturpentine.hasnovr carried 
with it from tin? separating chambers 6—12 £5 
to the condenser 15 a considerable percent¬ 
age of the solvent. r o effect the separation 
of this turpentine am solvent the solytion is 
conducted from tho condenser 15 into' and 


hydrocarbon process. 

My invention is designed to overcome the 
difficulties here indicated, and to provide a 
40 process by means of which all the turpentine 
and rosin may be extracted from resinous 
woods, and by means of which the turpen¬ 
tine and rosin and solvent may be rapidly 
and economically separated and recovered. 

45 I practice my process bv means of the through a rectifying < olumn 18, of the usual 
apparatus shown uiagrammatically, bv way : or any preferred coi struction. The. liquid 
of illustration, in the single figure of the ac- 1 flowing from the rectifying column i$ con- 
companying drawing. * ducted through a h< atmg coil \ 9 in steam 

The process may most conveniently be ; drum 20 from wheno the liquid is conducted 
50 described and understood by explaining the j to a third separ&t ag chamber 21 . ^The 10 .'. 
apparatus and its operation, winch is as fol- ; steam surrounding he coil 19.i$ of such 
lows: The resinous wood to be treated is. ! pressure and heat a to raise the fcempefa- 
in comminuted form, placed in the closed j ture of the liquid fioi ing through the coil to, 
chamber of a stout iron tank or extractor 1 . j say, 306° or just be! -w the boding point «>f 
55 The wood is liberally sprayed or bathed with j turpentine. vYhen • he liquid from the coil ^ 


a 








i 14' 


010,400 

19 is discharged into the separating chamber [ greater portion of the solvent, then passing 
21 the liberated vapor, principally solvent -1 the remaining solution through a second 
with some turpentine, passes through pipe 22 coiled evaporator with steam bv which the 
.to the bottom of the cnamber of the rectify- j turpentine and the remainder of the solvent 
5 ing column while the unvaporized liquid,— j are removed and the rosin is recovered, and 70 
turpentine,—is trapped off to the turpentine finally passing both the remaining solvent 
tank 23. The drip from the condenser 15 j and turpentine through a rectifying column 
through the perforated floors of the column j whereby tjie turpentine and solvent are sep- 
. 18 is met at each floor by the ascending j arated and recovered. 

10 vapors from the separating chamber 21 and 
thus the ascending vapors have tneir heavier 
portions condensed while the more volatile 


vapors of the solvent continue to ascend. 
The dripping solution also has a portion of 


3. The process of removing turpentine and 75 
rosin from resinous woods which consists in 
treating the woods with a volatile hydrocarbon 
solvent, then distilling the solution thus’ob- 
tained to recover the greater portion of the 


15 its solvent expelled'in the form of vapor which j solvent, then distilling the remainder of the go 
ascends with the vapor coming from below, solution to separate and recover the rosin, 
passing finally into condenser 24 from whence I then passing the remaining solution through 


the solvent, now freed from its turpentine, ' a rectifying column, then distilling the liquid 
passes to the tank 3. The dripping solution ; discharged from the rectifying column to re- 
20 from which the solvent is thus rectified con- | cover the turpentine, then returning the va- 35 
tinues on through the coil 19 and separating ; pore from the last mentioned distillation to 
chamber 21 to tank 23 giving up in its couree, the rectifying column, and then conducting 
as ^apor, the constituents having a lower boil- i the uncondensed portion of said vapors to a 
ing point than that fixed for tne turpentine, condenser to.recover the solvent. . 

25 thqs* vapors being returned to the column 18 4. The process of removing turpentine and 90 

to .lie treated in turn as above described, rosin from resinous woods w T hich consists in 
Thus, it will be seen, the rosin, turpentine j treating the woods with a volatile hydrocar- 
and solvent are completely separated and j bon solvent, then passing the solution thus 
conveyed to their respective receptacles. j obtained through a heating coil into a sepa- 
30 In the accompanying graphic illustration j rating chamber, then conducting the liberated 95 
of my apparatus I have not shown the de- j vapors from such separating chamber through 
tails of minor parts, such as valves, traps, i a condenser to a receptacle for the solvent, 
daah-plates, pumps, and the*like, as these'] then conducting the remaining solution 
will be understood by those > skilled in the i through a heating coil into a second separate 
35 art, without further illustration^ It will j ing chamber, then conducting the liberated itx 
also be understood without illustration that ; vapors from said second separating chamber 
a series of extractors may, if desired, be em- to a second condenser to separate and re¬ 
ployed in connection with the remainder of | cover the rosin, then conductmg the remain- 
the apparatus c bove described, in such man-| ing solution from said second condenser 
40 ner tnat the process shall be practically con- j through a rectifying column and through a 
tinuous. It is also obvious that, if desired i third heating coil into a third separating 
the vaporization of the solutions may “ j chamber, then removing the unvaporizea 
facilitated by placing the liquids under a par- 1 liquid from said third separating cnamber 
tial vacuum by means which are well under- • whereby the turpentine is recovered, then 
45 stoo4- | conveying the liberated vapors from said 11 ) 

Having described my invention, what I i third separating chamber back to the rectify- 
claim ana desire to secure by Letters Patent ] ing column, and then co'nveying the uncon- 

‘ densed vapors from the rectifying column to 
a.condenser, w hereby the remaining solvent 
is recovered. . 115 

5 , The process of removing turpentine and 
rosin from resinous woods which consists in 
treating the woods with a volatile hydrocar- 


105 


is,— 


50 


1 . The process of removing turpentine and 
rosin, from resinous woods which consists, 
first, in treating the wood with a hydrocar¬ 
bon solvent whereby the turpentine and rosin 

. are removed in solution; second, by dis¬ 
tilling from this solution the greater part of 
55 the solvent and then the turpentine with the 
remaining solvent, whereby the rosin is re¬ 
covered, and, third, by passing the mixture 
of turpentine and solvent through a rectify¬ 
ing column, to separate and recover the tur- 
00 pentine and solvent. 

2 . The process of removing*turpentine and 
rosin from resinous woods which consists 
in treating the woods with volatile hydrocar¬ 
bon solvent, then passing the solution 

C3 through a coiled evaporator to remove the 


bon solvent, then passing the solution thus 
obtained through a heating coil into a sepa- r/'» 
rating chamber, then conducting the liberated 
vapors from such separating chamber through 
a condenser to a receptacle for the solvent, 
then conducting the remaining solution min¬ 
gled with added steam through a heating 12 ? 
coil into a second separating chamber, then 
conducting the liberated vapors from said 
second separating chamber to a second con¬ 
denser to separate and recover the ropin, 
then conducting the remaining solution from 130 


115 


915,400 


8 


said Second condenser through - a rectifying 
column and through a third heating coil into 
a third. separating^chamber, then removing 
the unvaporized''lwuid from said third sepa¬ 
rating chamber wnerebv-the turpentine is 
recovered, then-conveying the liberated va¬ 
pors from said “third separating chamber 
nack to the rec^J^ihg column, ana then con¬ 
vey in^hp uncondehsedr&pors fronrthe rec¬ 


tifying column to a condenser, whereby the io 
remaining solvent is recovered. 

In testimony whereof I affix my signature 
in presence of two witnesses. 

HOMER T. YARYAN. 

Witnesses: 

Clayton Ml rphy, 

Ada.E. r AMER oN. 
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Specification of letters Patent Patented June 30,1314. 
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To all wtiovt a may “onnem: 

... Be it known that I, Thomas W. Weight, 
a citizen of the United States, residing at 
Elenryetta, in the county of Okmulgee and 
ft State of Oklahoma, have invented certain 
new and useful Improvements in Methods 
for Conserving Natural Gas and Oil, of 
which the following is a specification. 

My invention relates to a method of con- 
10 serving natural gas and using the gas for 
the extraction of petroleum from fields 
where the oil could not otherwise be brought 
to the surface except by pumping. * 
Millions of feet of natural gas waste into 
15 the atmosphere every day in some districts 


Figure 1 is a plan view of a group of 
eleven wells, showing apparatus that may 
be employed in the practice of my inven¬ 
tion. Fig. 2 is a. diagrammatic view in 
vertical section of two not far distant wells, so 
one of which is equipped with means for 
practising my invention. On Fig. 1, the* 
small circles represent wells of the usual 
kind. 

A designates a well from which gas is- 65 
SU66 at a pressure sufficiently high for my 
purpose without requiring pumping or com- . 
pression. 

B designates a well which taps oil-bearing 
rock but has ceased to yield oil by natural 70 


owing to lack of artificial reservoirs for j pressure. I connect the casing of well A 

_ * I 1 X . • .1 # 11 1 •• f 1 1 


same. 

One object of my invention is to save this 
gas, and not only this, but to employ it as 
20 a medium for the extraction and enrichment 
of oil which is forced to the surface by the' 
pressure thereof. 

The gas which I refer to above as going 
to waste, rises in some wells from the oil 
25 contained in the oil-bearing rock. In other 
wells in the same vicinity, the gas m ay have 
ceased to is6ue, though the oil deposits there¬ 
in may be as great as in the other instance. 
The pressure of the wasting gas i ssuing 
30 from some wells is very great. The main 
idea of my invention is to divert and con¬ 
serve such ga$_by turning it into a non-gas- 
producing, out oil containing well, shutting 
in said well to prevent the escape of gas and j 
35 oil therefrom; taking the gasolene-charged 
Oil from other (now dead) wells in the same i 
field; storing the oil in tanks having closed 
tops; and re co ve ri ng the gas from the space 
above the oil in such tanks. One million 
4o feet of gas can be stored under pressure in j 
the space of 50 to 100 barrels of petroleum. ' 
In practice, I may employ natural gas from 
a well at a pressure insufficient to raise oil 
in adjacent wells, but by means of a com- 
■45 pressor raise the pressure to a sufficient point 
for that purpose. 

Among other advantages which I claim 
are: The oil can be drained from the beds in 
less time than under the present system. A 
*5 larger production and a cheaper method of 
extracting the oil.Utilizing subterranean 
spaces fbr the storage of gas. 

In order that my invention may be‘ fully 
understood, reference will now be made to 
the accompanying drawings, in which: 


to an inner tube of well B by > suitable 

J >jpe 1. Thegasjnwell BJt>-ecom€sli£uefied / 

►y the high pressure and by cooling means 
(presently described), and the gasolene'thus 75 
formed permeates the oil-bearing rock and 
drives tne oil therefrom to other parts of 
the field, which are tapped by other wells 
as C, D, E, F, G, H, J. The aforesaid pres¬ 
sure now causes oil to rise through one or SO 
more .of said wells, say through well C. 

From this well, I run a pipe 2 to the lower 
part of a closed-top steel storage tank 3, 
of large capacity for both oil and gas. From 
this reservoir, oil and gas may be'taken and 85 
sold when good markets exist. Other wells, 
as E and F, that may yield oil under my in¬ 
vention. may be connected to the same reser¬ 
voir 3. as by pipes 4, 5. 

6 designates a shed containing a gas com- 50 
pressing pump. Gas from any source, may 
be taker; to said pump by a pipe 7, and com¬ 
pressed for use as aforesaid m an adjacent 
well J. Of course the gas might be drawn 
from the reservoir 3, as indicated by pipe 8. 05 
It is to be understood that none of the 
wells on the group shown, may yield gas 
for my purpose. In that case, gas may be 
piped from a well at any point which is not 
excessively distant and brought to the local 100 
oil field, the cost of piping and labor being 
the only 'imitations on such transportation. 

The producing well A is shown here merely— 
for conve? ience of illustration. 

The sir plest method in which I contem- 155 
plate preraring a receiving well as J, is 
shown in Fig. 2, in which: 11 designates.the 
land surface: K, a cap rock stratum at, the 
bottom of the wells J and D, which may be 
as much as a mile or more apart. L and N H° / 
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Growth of Industry.—The making of gasoline from natural 
gas increased from a production of a few thousand gallons in 
1904 to about 43,000,000 gal. in 1914. Not until 1909 did the 
industry assume commercial importance. According.to the 
United States Geological Survey, the increase in production of , 
gasoline for the year 1912 over 1911 was 63 per cent.^ The rate 
of increase for the year 1913 over 1912 was 100 per cent. The 
gas used represents that which previous to the installation of 
plants for the production of gasoline was principally wasted, 
being, for the most part, “wet” gas which comes from the casing 
heads of oil wells. 

Constituents of Natural Gas—Natural gases are mixtures in 
which the hydrocarbons of the paraffin series predominate,, and 
methane is the preponderating constituent, the characteristic 
hydrocarbon of all natural gases. Small quantities of nitrogen, 
carbon dioxide, and water vapor constitute the impurities. In 
some gases, however, the percentages of nitrogen and carbon 
dioxide are large. One analysis has been published in which 
nitrogen comprised 98.5 per cent, of the total, and another in 
which the carbon dioxide equaled about 30 per cent, of the total. 

The exact proportions of the constituents in natural gases 
cannot be determined by ordinary methods of analysis, although 
the total quantity of paraffin hydrocarbons can be thus obtained 
and the heating value and specific gravity determined. Natural 
gas may be separated into its constituents by liquefying it by 
means of liquid air and separating the constituents of the lique¬ 
fied gas by fractional distillation. By this means Burrell, Seibert 
and Oberfell 1 showed that the natural gas used in Pittsburgh 
contained 84.7 per cent, methane, and that an extremely 
“wet” gas from which gasoline is condensed commercially con¬ 
tained only 36.8 per cent, methane. 

The paraffin hydrocarbons that principally concern the gaso¬ 
line producer are methane, ethane, propane, and the butanes, 
pentanes, hexanes, and heptanes. Of these, the first four are 
gases at ordinary temperatures, the last three liquids. The 
gases after contact with the oil in the earth bring with them 
the vapors of the liquid hydrocarbons. The vapors are carried 
along with the permanent gases in the same manner that water 

l On tHe production and technology of the natural-gas gasoline industry 
in 1912, see Oil, Paint and Drug Rept ., 85 (1914), No. 13, p. 33. 

* Bull. 88 of the United Stales Bureau of Mines. 




Table XLI.—Analyses op Natural Gases prou Various Fields 1 
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vapor exists with air. After treatment in the gasoline plant, 
where, the capacity of the gases to carry‘the vapors is much 
lessened, the vapors are deposited. 

Factors Affecting. Yield of Gasoline from Natural Gas. 1 — . 
The quantity of gasoline vapors in any particular gas mixture is 
dependent uprm the character of the oil in the sand, the tem¬ 
perature ancT~pressure existing in the sands, the .porosity- or 
closeness of the strata, the intimateness of contact between gas 
and oil, and other less important factors. The pentanes, hex¬ 
anes, and heptanes are the only constituents of crude oil that, 
at earth temperatures, have vapor pressures of such magnitude 
that they are distilled in quantity from the crude <j>il; hence, they 
are the chief liquid constituents of natural-gas gasoline. 

In wells yielding gas suitable for gasoline condensation, the J 
three gases, methane, ethane, and prop ane, invariably occur in I 
the gaseous condition, and butane also is usually present in the/ 
gaseous condition. 

Methods of Testing for Gasoline Yield.—By itself the ordinary 
eudiometric analysis is of little use for testing a sample of natural 
gas in order to determine its suitability for gasoline production. 
Laboratory methods in principal use have to do with solubility 
and specific gravity tests.' The Bureau of Mines has used alcohol 
and claroline oil; 100 c.c. of the gas is shaken with 35 c.c. of the 
oil or with 50 c.c. of the alcohol until absorption ceases. For 
the determination of specific gravity Burrell and his co-workers 
have both weighed the gas and used Bunsen's effusion method. 
These, investigators have N found that natural gases at present 
used for gasoline production have a specific gravity of 0.80 or. 
higher,* and are soluble to the extent of 30 per cent, or more in 
the solvents used. Laboratory tests serve best as preliminary 
indications previous to tests of the gas at the well by means of an. 
experimental compressing plant. 

Use of Pitot Tube and Gas-Analysis Apparatus.—The Pitot 
tube as ordinarily used for measuring the flow of gases, that is, 
where the static pressure is not obtained, may give results-that 
are 8 per cent, in error, even though the tube is correctly used. 
When the static pressure is obtained and all readings are taken 
with a sufficient degree of refinement, they may vary only 1 per 

1 Burrell, Seibert and Oberfell, he. tit . It nmy be noted that 
by absorption methods much of the so-called “dry” natural gas can be 
treated. . _ 
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Court of Appeals, ©Strict of Columtua 


April Term, 1932 


No. 5762 


Henry L. Doherty, Appellant , 


vs. 


Thomas E. Robertson, Commissioner of patents, 

Appellee. 


Appeal From the Supreme Court of the District of 

Columbia. 


BRIEF ON BEHALF OF APPELLANT. 


Appellant, Henry L. Doherty, appeals from a decree 
of the District of Columbia Supreme Court dismissing 
his Bill in Equity filed under U. S. Revised (Statutes 
Section 4915. Appellant’s Bill (Rec. p. 1), plravs for 
an order directing Appellee, Commissioner of Patents, 
to grant him U. S. Letters Patent on the invention de- 
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scribed in his patent application, S. N. 167,865, filed 
in the Patent Office February 12th, 1927, and for such 
other and further relief as may be just and proper. 

The primary question at issue is whether Appel¬ 
lant’s patent application (Rec. pp. 38-42) describes 
and claims a patentable invention in view of the dis¬ 
closure of U. S. Patent to Wright No. 1,101,605, dated 
June 30, 1914 (Rec. pp. 116-119). To correctly answer 
this question, it is necessary to first consider and prop¬ 
erly determine certain questions of fact. 

The decree of the Supreme Court (Rec. p. 9) adopts 
certain Findings of Fact and Conclusions of Law (Rec. 
p. 8), submitted by Appellee, without written opinion. 
The principal error assigned to the decree is in its 
failure to take cognizance of certain additional ques¬ 
tions of fact, which, if properly determined should, in 
Appellant’s opinion, result in a finding in Appellant’s 
favor on the primary question of law, and a reversal 
of the decree. 

At the trial of the case on February 25, 1932, before 
Mr. Justice O’Donoghue, Charles T. Beecher of 
Bartlesville, Oklahoma, was called as a witness on be¬ 
half of Appellant. Mr. Beecher’s testimony was taken 
as that of an experienced petroleum production en¬ 
gineer, for the purpose of rebutting conclusions of the 
Patent Examiner which were deemed by Appellant to 
be erroneous, but which conclusions were accepted by 
Appellee as those of “an expert in this art” in his 
denial of Appellant’s application for patent. Mr. 
Beecher is well known to the petroleum industry as an 
experienced petroleum engineer. He has served as 
national chairman of the Technical Division of the 
American Petroleum Institute, and during the past 
year as national chairman of the Petroleum Division 


of tlie American Institute of Mining and Metallurgical 
Engineers. Mr. Beecher’s testimony is outlined in the 
Statement of Evidence (Rec. pp. 16-36) while the Con¬ 
clusions of the Patent Examiner appear in his State¬ 
ment (Rec. pp. 43-47). Appellee’s refusal of Appel¬ 
lant ’s application for patent is expressed in the deci¬ 
sion of the Patent Office Board of Appeals (Rec. pp. 
47-49). 

Comparison of Doherty Application and Wright 

Patent Disclosure. 


Both the Doherty application and the Wright patent 
are concerned with the problem of increasing the re¬ 
covery of petroleum from oil bearing sands | usually 
located thousands of feet below the earth’s surface, 
through wells. Present methods of production recover 
only a small fraction, average 20 to 25 per cent, of the 
oil present in such sands. The difficulties of the prob¬ 
lem, and the factors adversely affecting increased re¬ 
covery of oil by production methods now in Use, are 
discussed in Uren’s article (Exhibits D and E) (Rec. 
pp. 50-57) to which attention is respectfully directed. 
Physical samples of oil sand are in evidence as Plain¬ 
tiff’s Exhibit “C” (Rec. pp. 20, 21). 

The Wright patent issued in 1914, and has not con¬ 
tributed materially to solution of the problem (Rec. 
p. 30). The Doherty application describes am} claims 
what is considered to be a distinctly practicable and 
patentable improvement over the method of recovering 
petroleum which is disclosed by the Wright paient. 

Both Doherty and Wright propose to increase the 
recovery of petroleum from a deeply buried oil-bear¬ 
ing sand by introducing a volatile hydrocarbon sub¬ 
stance under pressure to the oil sand. Wright was 
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not the first to suggest that a greater recovery of oil 
could be had by introducing natural gas under pressure 
into the oil sand (Rec. p. 35 and file references of 
Wright Patent—Exhibit B). Doherty’s process is 
distinguished from that of Wright, and Wright’s proc¬ 
ess was held by the Patent Office to distinguish from 
prior practice, chiefly in the character of the hydro¬ 
carbon substance employed as a medium for increas¬ 
ing or boosting the recovery or flow of petroleum from 
buried oil sands through wells. 

Long prior to Wright, it was old to introduce nat¬ 
ural gas under pressure to an oil sand through a gas 
injection well penetrating the sand, for the purpose of 
building up gas pressure in the sand to thereby drive 
increased volumes of petroleum ahead of the built up 
gas pressure toward an oil recovery well. The gas 
thus introduced did not go into solution in the oil to 
any extent, because, as explained by Lacy (Rec. p. 83— 
Fig. 15), it takes about 9-35 years to half saturate by 
diffusion a stationary body of oil ten feet deep witli 
methane gas under pressure contacted with the surface 
of the oil (Rec. p. 25). 

Wright’s Invention. 

Wright’s contribution to the art, if any, was to pro¬ 
pose means for liquefying 4 ‘gasolene” components of 
the injected hot natural gas, and to introduce the liquid 
“gasolene” into solution in the oil to thereby “thin” 
the oil. The pertinent portions of the Wright patent 
describing his process are embodied in the Record at 
page 118, lines 29-33, and 65-81, and page 119, lines 
3-42. 

Wright’s patent process can only be correctly inter¬ 
preted as introducing to the underground oil stratum 



a flow-inducing medium having two components, name¬ 
ly unliquefied gaseous hydrocarbons and liquefied 
'‘gasolene” hydrocarbons. Wright has erroneously 
designated his liquefied “gasolene” as “liquefied gas” 
in certain parts of his patent, and this has apparently' 
misled both the Court and Appellee. Natural gas 
“gasolene” is composed chiefly of hydrocarbons which 
are liquid at normal temperature and pressure (Rec. p. 
122—Defendant’s Exhibit 2). If Wright’s “gasolene” 
were really a liquefied gas, it would not be prebent as a 
liquid in admixture with the oil removed through the 
wells “D”, as described by Wright (Rec. p. 119, line 
40), but would have escaped from solution iji the oil 
as the oil approached the zone of high temperature 
and low, substantially atmospheric, pressure existing 
at the bottom inlet of the well “D” (Rec. pp. 22, 23). 

According to Wright, the natural gas entering the 
top of well J is hot (Rec. p. 119, line 29). Wright pro¬ 
poses to cool the gas flowing down the tubing f5 to the 

oil sand bv thermal circulation of brine in the annular 
•> 

chamber lying between tubing 15 and tubing 14 (Rec. 
p. 119, lines 31-35). This chamber may be say 2000 
feet long and 6 inches outside diameter, 2 inches inside 
diameter (Rec. p. 27). The brine enters through pipe 
24 and exits through pipe 23. 

The system of gas cooling by thermal circulation of 
brine proposed by Wright is practically inoperative, 
as explained by witness Beecher (Rec. pp. 26-28). 
Particularly is Wright’s proposed gas cooling system 
impractical and inoperative for liquefying gaseous hy¬ 
drocarbon components of natural gas such as propane 
and butane. Propane liquefies at —40° F. Butane 
liquefies at 26° F. Gas enters the top of Wright’s well 
J probably at a temperature above 100° F. (Rec. p. 
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119, line 29). Cold brine entering Wright’s proposed 
cooling system through pipe 24 will pass right on 
through the top section of pipe 17 and out through pipe 
23, without any substantial circulation. The modifica¬ 
tion of the Wright patent cooling system proposed by 
the Court (Rec. p. 27) is unwarranted by Wright’s dis¬ 
closure, and would not be practical as explained by 
Witness Beecher (Rec. pp. 27, 28). It should be ap¬ 
parent that it is impossible to get thermal circulation 
of brine in a chamber of great height and small cross 
section such as Wright relies on to cool his injected 
gases. Even if it were possible to secure thermal cir¬ 
culation of brine about tube 15 of Wright throughout 
its length, for example 2000 feet, it would not be pos¬ 
sible or practical to liquefy any gaseous components of 
the gas in this manner because of the high degree of 
cooling which would be required to effect liquefaction 
of even anv butane content of the gas during the rela- 
tively short time which each unit volume of the gas 

i o 

takes to pass through the length of the inlet tube in a 
commercially practical oil sand repressuring operation. 

Doherty’s Improvement. 

Doherty’s flow boosting medium is liquefied propane- 
butane saturated with methane and ethane. There is 
no disclosure iof this type of reagent in the Wright 
patent. The Court and Appellee have erroneously as¬ 
sumed that Wright’s brine cooling system would be 
operative not only to liquefy any propane-butane pres¬ 
ent in the gas, but also to effect saturation of any pro¬ 
pane-butane, thus liquefied, with methane and ethane. 

Practical application of the Doherty process requires 
that the propane and butane be liquefied by very effi¬ 
cient refrigeration before being introduced to the in- 



jection well. Likewise saturation of the liquid pro- 
pane-butane with methane-ethane gas must be com¬ 
pleted by intimate contact of the gas and liquid, as by 
bubbling the gas through the liquid under high pres¬ 
sure and accompanied by refrigeration, before the gas 
enters the well, so that the flow-boosting medium re¬ 
mains in liquid state at the time it reaches tl^e under¬ 
ground oil body where the temperatures ar^ consid¬ 
erably higher than at the surface of the earth. (Rec. p. 
25). * 

Claims 1 and 3 of the Doherty application define the 
invention as follows: 

“1. A method of obtaining oil from bil fields 
comprising forcing a liquefied mixture ot butane 
and propane saturated with hydrocarbon gas into 
an oil stratum, and recovering oil from the stratum 
at a point remote from the point of introduction of 
the mixture into the stratum. 77 

“3. A method of obtaining oil from pil fields 
comprising forcing a liquefied mixture of butane 
and propane saturated with hydrocarbon gas un¬ 
der high pressure into an oil stratum, and recov¬ 
ering oil from the stratum at a point of relatively 
low pressure. 77 

Doherty’s Improvement on Wright. 

Doherty’s gas-saturated liquid propane-butane is a 

peculiarly effective oil recovery medium as compared 
to Wright’s “gasolene 77 . Wright’s “Gasolene 77 is not 
efficient; goes into solution in and thins the oil, and 
stays in solution in the oil as it exits from the recov¬ 
ery wells “D”. Unliquefied gas introduced by Wright 
does not go into solution in the oil to any marked ex¬ 
tent, but may build up a gas pressure drive to jiush the 
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oil toward the recovery well, as in prior practice. 
Wright’s “gasolene” represents a very small percent¬ 
age by volume of the gas entering the top of well “J” 
of Wright, the amount of recoverable gasolene in 
natural gas being normally less than one gallon for 
each thousand cubic feet of gas. (Rec. p. 30.) 

Doherty’s gas-saturated liquid propane-butane is in 

substantially 100 per cent liquid state as it reaches the 

bottom of the inlet well. It is completely soluble in the 

oil and therefore verv materiallv reduces the viscositv 

» « * 

of the oil, as explained by Beecher & Parkhurst’s ar¬ 
ticle—Exhibit F (Rec. pp. 58-65). The work described 
in Exhibit F was carried out under Appellant’s direc¬ 
tion (Rec. p. 22) and has been widely recognized as 
authoritative. For instance, in Dr. J. B. Umpleby’s 
article published in “Mining & Metallurgy”, March, 
1932, referred to by Beecher (Rec. p. 20), the results 
outlined in Exhibit F are commented on as follows: 

“The most noteworthv later advance in knowl- 

* 

edge came in 1926, when Beecher and Parkhurst 
published their paper on “Effect of Dissolved 
Gas upon the Viscosity and Surface Tension of 
Oil”. This paper added to the old idea of an 
expelling force, the concept of a motivating agent 
that actually changes the physical characteristics 
of the oil and facilitates its movement through the 
pore spaces of the reservoir rock.” 

Doherty’s oil recovery medium is a very powerful 
solvent for dissolving the oil films adhering to the sand 
particles, since by breaking down the capillary adhe¬ 
sion affinities between the oil and sand much larger 
volumes of oil are recoverable, as explained by Uren’s 
article Exhibits D and E. 
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Another very important distinction between Doher¬ 
ty’s reagent and Wright’s 44 gasolene” is thht by rea¬ 
son of its normally gaseous composition Doherty’s 
reagent goes out of solution in the oil at a point of 
reduced pressure adjacent the inlet of the recovery 
well, and thereby supplies sufficient motivating energy 
to cause rapid flow of oil to and out of the recovery 
well (Rec. pp. 23, 28). Doherty’s gas saturated pro- 
pane-butane medium in going out of solution in the oil 
at points of reduced pressure supplies energy for mov¬ 
ing the oil in a manner analogous in principle to that 
by which carbon dioxide escaping from carbonated 
beverage can carry with it a substantial portion of the 
contents of an uncapped bottle. (Rec. pp. 21, 39.) 
Doherty’s reagent separates from the oil and lpaves the 
recovery well in a gaseous state, as distinguished 
from Wright’s liquid 44 gasolene” which reinains in 
solution in the oil. Wright’s 44 gasolene” thinjs the oil, 
but of itself supplies no energy for moving the oil. 
Any energy for moving the oil to the recoveri r well of 
the Wright patent must come from the driving effect 
of natural gas introduced as a gas under pressure into 
the oil strata through the well J. 

New and Advantageous Features of the Doherty 

Process. 

The Doherty process is not simply an obvious mod¬ 
ification of that disclosed in the Wright patent. It is 
true that the propane C ;; H S and butane C 4 lH 10 em¬ 
ployed by Doherty are related chemically to the 4 4 gas¬ 
olene” employed by Wright. Doherty’s reagept, how T - 
ever, differs materially from Wright’s in its physical 
properties and in the way in which it function$ in pro¬ 
moting removal of oil from the oil sands. Doherty’s 
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reagent is much more potent than Wright’s reagent 
for lowering the viscosity and surface tension of the oil 
in the sand and for dissolving the oil films and lib¬ 
erating the oil held by capillarity in the sand pores. 
Doherty’s reagent, being a liquid gas which is itself 
gas saturated, is much more soluble in petroleum than 
gasolene. Wright’s gasolene, being a liquid at nor¬ 
mal temperature and pressure, when once dissolved in 
the oil, stays in solution while the oil is removed from 
the sand. Doherty’s reagent, being a gas at normal 
temperature and pressure, goes out of solution in the 
oil and resumes its gaseous state before the oil is re¬ 
moved from the well, and thereby supplies the energy 
necessary to flow the oil through the sand and out of 
the well. (Rec. pp. 22, 28.) 

Mr. Beecher has estimated (Rec. p. 32) that the 
Doherty process would probably increase production 
400 to 500 per cent as compared to a maximum opti¬ 
mum increase by application of the Wright patent, 
of 100 per cent. Mr. Beecher has stated that liquefied 
propane-butane has proven successful recently in the 
Burbank field in Oklahoma for increasing oil recovery, 
and that it is the general consensus of opinion of pro¬ 
duction engineers consulted on this point that satura¬ 
tion of the propane-butane with gas in accordance with 
the Dohertv invention would have greatlv increased 
the recoveries obtained in this Burbank field test (Rec. 
pp. 26-27). 

The curves shown in the article bv Frolich et al., 
comprising Appellant’s Exhibit J (Rec. p. 80) cor¬ 
roborate Mr. Doherty’s prior conception with respect 
to the selective solubility of gases such as methane in 
liquid propane-butane as compared with their solu¬ 
bility in gasoline. In other words liquid propane and 
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butane is a much more efficient medium tha^i is gaso¬ 
line for introducing concentrated volumes qf gaseous 
energy into solution in an underground oil body. Bu¬ 
reau of Mines Bulletin R. I. 3035, published by Chal¬ 
mers et al. (Appellant’s Exhibit H. Rec. pp. 66-72) 
gives data corroborating Mr. Doherty’s conception 
that gas-saturated propane is a much morq effective 
medium than dry natural gas for use in liberating oil 
from oil sands. Tables 5 and 6 of this exhibit em¬ 
phasize clearly that propane even in the gaseous state 
and unsaturated by gas, is more than three times as 
efficient as an equal volume of dry natural j^as when 
used for the removal of oil from sand. A liquefied 
propane-butane saturated with gas is much more ef¬ 
ficient than gaseous propane for effecting oil removal 
from sand because, as explained by Mr. Beecher (Rec. 
p. 28), a gaseous hydrocarbon will not separate sub¬ 
stantial quantities of oil from sand, whereas a gas- 
saturated liquid propane is probably the most efficient 
solvent available for recovering oil from s^ind. As 
explained by Mr. Beecher (Rec. p. 24) the curves of 
appellant’s Exhibit M show that a solution of 10 per 
cent gasoline in an oil reduces its viscosity 6 per cent, 
ten per cent butane reduces the viscosity of thej oil 47)4 
per cent, and 10 per cent propane reduces the viscosity 
55 per cent. Likewise Lindsley in his preliminary 
Bureau of Mines article (Appellant’s Exhibi^ I, Rec. 
p. 73-79) gives data showing that propane fs much 
more soluble in oil than heavier gasoline hydrocarbons 
and accordingly is a much more efficient medium than 
gasoline for use in recovering oil from underground 
oil sands. 

According to the Doherty process, energy in k highly 
concentrated form is introduced into solution in the 
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oil in the underground oil bodv, the relative concen- 
tration of the energy thus introduced being indicated 
by comparison of the relative volumes of liquid and 
gaseous propane (one volume of liquid propane equals 
35.48 volumes!of gaseous propane at 60°F.). It must 
further be recognized that each volume of liquid pro¬ 
pane employed in accordance with the Doherty inven¬ 
tion is saturated with gas or, in other words, has many 
times its volume of methane and ethane gas in solu¬ 
tion. The importance of effecting rapid rate of solu¬ 
tion of gas in oil is explained in the article by Lacey, 
which is in evidence as Appellant's Exhibit K (Rec. 
pp. 81-84). 

Because of the normally gaseous character of the 
Doherty energizing medium it is easily separated from 
the recovered oil at the top of the well for reuse after 
liquefaction and gas saturation. For this reason, and 
because the propane-butane used is at the present time 
a byproduct of the natural gas gasoline recovery indus¬ 
try having small value, the Doherty process has the ad¬ 
ditional advantageous feature of being inexpensive 
and therefore practical in application. 

Evidence of Invention in Doherty Process. 

The statutes and decisions give many tests for in¬ 
vention, such tests taking into consideration as evi¬ 
dence of invention not only novelty and utility, but 
also the difficulty and importance of the problem solved 
by the invention, the degree of interest of the art in 
the solution of the problem solved by the inventor, 
and the long elapsed time between the date of appli¬ 
cant’s discovery and that of the best prior art refer¬ 
ence. One of the most important tests for invention 
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is expressed in the decision of O’Rourke vs. McMul¬ 
len, 160 Fed. 938, as follows: ! 

i 

‘‘The principal question in such cases is: Has 
the patentee added anything of value to the sum 
of human knowledge, has he made tlje world’s 
work easier, cheaper and safer; would the re¬ 
turn to the prior art be a retrogression? When 
the Court has answered this question or these 
questions in the affirmative, the effort ishould be 
to give the inventor a just reward for the contri¬ 
bution he has made. The effort should of course 
be in proportion as the contribution is] valuable. 
* * * The keynote of all the decisions is the ex¬ 
tent of the benefit conferred upon mankind.” 

The great potency of the gas-saturated liquid pro¬ 
pane-butane reagent employed by Dohertyl as com¬ 
pared to gas or gasoline is not simply the result of a 
change in degree of character of the two reagents be¬ 
cause, as explained above, the Doherty reagent has 
characteristics such as gas saturation, quicl^ solution 
in oil, as well as quick separation from oil at outlet 
well temperatures and pressures, which properties 
are not possessed by the gasoline described by Wright. 
Even if there were basis for considering that the 
Dohcrtv invention differed from Wright onlv in de- 
gree, it is still apparent that a difference degree 
oftentimes is sufficient to mark a meritorious inven¬ 
tion. Thus the adjudicated validity of the famous 
Edison Incandescent Lamp Patent rests on the find¬ 
ing of the court in Edison Electric Co. vs. U. S. Elec¬ 
tric Lighting Co., 52 F. R. 300, 1892, that Edison’s use 
of a carbon filament l/64th of an inch in diameter or 
less, in place of the prior art carbon wires of Sawyer 
and Mann, which were only l/32th of an inch in di- 
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ameter or more, represented invention and greatly in¬ 
creased the life and efficiency of the resultant lamp, 
which lies at the foundation of the incandescent elec¬ 
tric lighting of the world. (See Walker on “The Law 
of Patents,” 6th Ed. V. 1, p. S3.) 

The fact that the problem of securing more oil than 
the 25-30% recoverable by present methods of pro¬ 
duction is the most important confronting the oil in¬ 
dustry today, and has occupied for many years the 
attention of many hundreds of capable engineers and 
inventors, coupled with the fact that twenty years 
have elapsed since the filing date of the Wright pat¬ 
ent reference, is further persuasive evidence of the 
presence of invention in this Doherty application. 
(Mantle Lamp Co. of America vs. Geo. H. Bowman 
Co. (C. C. A. 6) 11 U. S. Pat. Q. 127.) 

As pointed out by Beecher in his testimony (Pec. pp. 
31, 35, 36), there is a very close analogy between the 
problem to which the Doherty invention is directed, 
and the problem of removal of resins and terpenes 
from cellular wood, which is solved by the patent re¬ 
cently granted to Little Xo. 1,762,785 (Rec. pp. 85-93) 
(the file history of which is in evidence as Plaintiff’s 
Exhibit X). The file of the Little patent contains 
copies, and the Patent Examiner’s discussion, of nu¬ 
merous prior art references (Rec. pp. 94-115) cited 
against the Little patent disclosing the use of gasoline 
or petroleum ether and naphtha, for effecting removal 
of resins and terpenes from wood. (Clope, Rec. p. 95, 
line 46 shows naphtha; Walker, Rec. p. 98, line 44 men¬ 
tions gasolene and naphtha; Frankforter, Rec. p. 104 
suggests petrbleum ether; Ogilvy, Rec. p. 109, line 71 
suggests petroleum naphtha.) The Patent Examiner 
was persuaded to grant to Little a patent containing 


claims such as 3 and 4 (Rec. p. 92) directed joroadly to 

the use of liquid butane and propane in plJice of the 

prior art use of gasoline and naphtha for effecting such 

extraction. The analogy between these |wo cases 

clearlv indicates that the Patent Office has been incon- 
... . 1 
sistent in its ruling on invention with respect to the 

Doherty application, because as a matter of fact, the 
Doherty invention differs from that of the Wright pat¬ 
ent reference very much more clearly than does the 
invention of Little differ from the prior art disclosures 
cited in the file of the Little patent. 

The Examiner’s assumption that any person skilled 
in the art could adapt and modify the inoperative brine 
cooling process of the Wright patent so as to produce 
an operative process meeting the definition of the Do¬ 
herty specification and claims, is a form of Argument 
too often encountered. The answer thereto has been 
given by the Courts in many decisions, as for example 
that rendered by the D. C. Court of Appeals in Ex 
parte Henry, 55 App. D. C. 396,—conforming to the 
doctrine laid down by the U. S. Supreme Cou|rt in the 
case of Carnegie Steel Co. vs. Cambria Iron | Co., 185 
U. S. 403—to the effect that: ] 

‘‘After a problem has been solved, its former 
difficulties are not so apparent and it is not hard to 
find those persons who confidently assert that their 
failure to solve the problem is due solelV to the 
fact that it has not received their attention. The 
object of the Patent Law is to reward thpse who 
do successfully give these problems their attention, 
and who make real contributions to th(^ useful 
arts.” I 
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Proposed Findings of Fact. 

The court is urged to consider the following pro¬ 
posed findings of fact as a basis for a reversal of the 
Supreme Court's decree from which this appeal was 
taken: 

1. Doherty's application discloses a method of re¬ 
covering oil from a partially depleted oil bearing strata 
consisting of forcing a previously liquefied mixture of 
butane and propane saturated with hydrocarbon gas 
downwardlv through an inlet well into the oil bearing 
strata, where it dissolves in the oil, thereby materially 
reducing its viscosity, washing the oil films free from 
the cellular sand pores, and by going out of solution 
in the oil adjacent the outlet well furnishes motivating 
energy for carrying the oil to and out through the out¬ 
let well. 

2. The hvdrocarbons utilized bv Dohertv are gaseous 
at normal temperature and pressure. Doherty liquefies 
the butane and propane and saturates the thus lique¬ 
fied propane and butane with gaseous methane and 
ethane. All of these gaseous hydrocarbons are pres¬ 
ent in substantial amounts in natural gas, but not in 
Wright’s “gasolene.” Being normally gaseous, these 
hydrocarbons go out of solution in the underground oil 
body adjacent the outlet well and supply the energy for 
moving the oil, in a manner similar to that bv which 
CO, gas escaping from beer can carry with it a sub¬ 
stantial portion of the contents of an uncapped bottle. 

3. The patent to Wright, Xo. 1,101,605 discloses a 
method of recovering oil by forcing hot gaseous hydro¬ 
carbons (natural gas) under pressure into the top of a 
well and downwardly therethrough to the oil-bearing 
rock, the oil and gases in liquid form being recovered 



through another well. Prior to Wright it was old to 
introduce gas under pressure to “drive’ the oil. 
Wright proposes (Rec. p. 119, 1. 26-35) to liquefy 
in the well certain of the hydrocarbons introduced by 

* i * 

thermal circulation of a cooling brine in the inlet well 
casing. Wright employs the term “gasolene” in re¬ 
ferring to the gaseous hydrocarbons introduced 
through the inlet well (Rec. p. 118, 1. 37, 7 r 5, and p. 
119,1. 40). Wright definitely discloses that Ills “Gaso¬ 
lene” is a normally liquid hydrocarbon which remains 
in solution in the oil while the oil is removed through 
the outlet well (Rec. p. 119, 1. 40). | 

4. The brine cooling svstem disclosed by Wright is 
practically inoperative for liquefying normally gase¬ 
ous hydrocarbons such as propane and butane, or for 
saturating any liquid hydrocarbon with gas. 

5. In granting the Little patent Xo. I,762j785 (see 
claims 3 and 4) Appellee recognized the presence of 
patentable invention in Little’s solution of a problem 
closely analogous to that faced by applicant, by the 
employment of liquid butane and propane for wash¬ 
ing resins and terpenes from cellular wood, where the 
prior use of gasoline and naphtha for the same pur¬ 
pose was known. 

6. Wright does not disclose or teach Dohertv’s idea 
of employing a reagent to be introduced into a well 
and consisting essentially of liquid propane anc} butane 
saturated with methane and ethane, for increasing the 
recovery of oil from underground sands through wells. 

Proposed Conclusions of Law. i 

I 

1. The Doherty patent application distinguishes in 
terms and patentably from the prior art adduced by 
appellee. 


IS 


2. The Wright patent of 1914 having disclosed a 
practically inoperative process for liquefying gaseous 
hydrocarbons, cannot be interpreted as teaching plain¬ 
tiff’s novel and useful process directed to solution of 
this important problem of recovering oil left in the 
ground by present known methods of recovery. 

3. Plaintiff is entitled to the decree asked by the 
Bill of Complaint. 

Edmund G. Borden, 
Attorney for Appellant. 

J. Austin Stone, 

Of Counsel. 

Kenneth I. White, 

Of Counsel. 
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BRIEF FOR THE COMMISSIONER OF PATENTS 


STATEMENT 


This is an appeal from the final decree dismissing 
appellant’s Bill of Complaint filed in the Supreme 
Court of the District of Columbia under Section 
4915 R. S. j 

The subject matter involved in this suit is a 
process for operating upon an oil field having a 
plurality of depleted or partially depleted oil wells 
in which hydrocarbon gas is forced into one of the 
wells and into the subterranean space under pres¬ 
sure to entrain oil and carry it out of one of the 
other wells that may be left open. j 

The patent to Wright, 1101605, June 30, 1914, 

I 

discloses this process which is diagrammatically 
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illustrated in Fig. 1 (R. 116) and clearly described 
in the Wright specification. Appellant’s applica¬ 
tion has no drawing and many of the details of the 
process are lacking in the specification. Appellant 
contends that his process is an improvement over 
the Wright process in the particular kind of gas 
he uses in his process. 

THE WEIGHT PATENT 

The Wright patent discloses two methods, one of 
which is in substance the method disclosed and 
claimed by appellant, which method is illustrated 
in Fig. 1 where 3 indicates a reservoir or closed-top 
steel storage tank of large capacity for oil and gas. 
Gas may be drawn from this reservoir 3 through 
pipe 8 (R. 118, line 95) to the gas compressing 
pump at 6 and forced under compression into the 
adjacent well J. The gas in the top of the reservoir 
is rich in propane and butane, as is well known by 
those skilled in this art. 

In the Handbook of Petroleum, Asphalt, and 
Natural Gas, by Roy Cross, published as Bulletin 
No. 24 (1928) by the Kansas City Testing Labora¬ 
tory, Kansas City, Mo., on page 147, is given an 
analysis of vapors from storage tanks of crude oil 
as follows: 

Per cent 


Methane-f Nitrogen- 8.1 

Ethane-13.9 

Carbon Dioxide- 1. 0 

Propane---29.4 

Butane-41.7 

Pentane, etc—-- 5.9 









As further shown in Fig. 1 and described on page 
1 of the Wright patent, lines 90 to 95, ga^ may be 
taken from any source by the pipe 7 to the com¬ 
pressing pump at 6 and forced into the weJU J. 

1 

WRIGHT AND DOHERTY PROCESSES COMPARED 

Both operate in the same field upon a plurality 
of wells more or less depleted. Both force hydro¬ 
carbons into the wells under compression. Wright 


describes and illustrates how he does it but Doherty 
merely makes general statements. When Wright 
utilizes the gas from the storage tank 3 he has a 
gas rich in propane and butane, which of course is 
compressed by the compression pumps at 6. In 
the wells and the underground space between the 
wells this compressed propane and butane [is min¬ 
gled and compressed with other and lighter hydro¬ 
carbons which results in the same product hs that 


used in the Doherty process. 

The enormous quantity of gas required t(j> carry 
into effect the process disclosed by appellant and 
by Wright becomes apparent when we consider that 

i 

the wells may be as much as a mile or more apart, 
as stated by Wright at the end of page 1. (1^. 118.) 
It is therefore apparent that carefully measured 
quantities of ingredients in the gas used wofild not 
be practical. This also appears from the Specifi¬ 
cations of both parties. Wright uses the ga^ from 
the dome of the storage tanks, which gas is rich in 
propane and butane, or gas which “ rises ip some 
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wells from the oil contained in the oil-bearing rock” 
(line 24). 

ARGUMENT 

Appellant critizes the method by which Wright 
cools the gas that he injects into the well. Before 
we discuss that question let us ask how Doherty 
cools the gas. The answer must be found in his 
specification (R. 38) as filed, and can not be sup¬ 
plemented by new matter injected into his 
application. 

Appellant’s witness, on cross-examination (R. 
33), admitted that the Doherty application con¬ 
tains no explanation of the manner in which the 
liquid propane and butane was cooled, the appli¬ 
cation simply explaining that propane and butane 
was liquefied and saturated with natural gas. 

Obviously under those conditions appellant is not 
in a position to urge that the Wright brine cooling 
system is not operative. Either appellant’s appli¬ 
cation must be held incomplete as not disclosing 
how the gas is cooled or else cooling methods must 
be regarded to be so well known as to require no 
description. Applying the same rule to the Wright 
patent, a mere diagrammatic outline to indicate 
that cooling with brine is contemplated in his 
method would be sufficient without any explanation 
as to details. 

Appellant at the bottom of page 6 of his brief 
says: 

Practical application of the Doherty proc¬ 
ess requires that the propane and butane 
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be liquefied by very efficient refrigeration 
before being introduced to the injection well. 

What is the efficient refrigeration? Nojie what¬ 
ever is described in the specification. Compression 
only seems to be relied upon. Wright has both 
compression and cooling for liquefying the gas. 

In appellant’s brief (page 7) under th^ section 
entitled “Doherty’s Improvement on Wrigjht,” ap¬ 
pellant is evidently not following the teaching of 
the Wright patent. Reference is made to “Un¬ 
liquefied gas introduced by Wright.” Wright dis¬ 
tinctly says on page 1, line 74, “The gas h\ well B 
becomes liquefied by high pressure and by cooling 
means.” (Doherty relies upon pressure alone.) 
As a gas rich in propane and butane appellant ap¬ 
pears to overlook Wright’s alternative method of 
utilizing the gas in the top of the storag^ tank, 
which as stated is rich in propane and butape. 

A mere reading of the opening paragraphs of 
the Wright specification is convincing that where 
he uses the word “gas” he means “gas” and not 
“gasolene” argued by appellant. 

It is submitted that appellant in his application 
teaches nothing patentable over what is fojind in 
the Wright patent. Wright’s patent has expired. 
Not only is Wright’s exact disclosure free to the 
public but also such changes as would naturally 
suggest themselves to those skilled in that art in 
the oil fields. Wright includes both extreme^, i. e., 
gas on one hand and a mixture rich in propane 


I 
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and butane on the other. Obviously the public 
should not be deprived of the use of the intermedi¬ 
ate mixtures in such proportions as may be found 
to be most efficient, or the gas that is available in 
that field irrespective of the proportions of the first 
five members of the marsh gas (paraffin) series that 
it may contain. 

THE CLAIMS 

Claims 1 to 11 for which appellant contends ap¬ 
pear in the Examiner’s Statement on pages 43 to 45 
of the Record. 

Claims 1 to 4 call for “a liquefied mixture of 
butane and propane.” Since the gas in the dome 
of oil storage tanks consists largely of butane and 
propane, and as Wright uses the gas from the 
storage tank and forces it into the wells by means 
of the compressing pumps at 6 it not only becomes 
liquefied but is also mixed with other hydrocarbon 
gas inherently in the well or pumped into the well 
from the pipe 7. (R. 116.) This compressed mix¬ 
ture passing through the oil stratum absorbs or 
entrains the oil and carries it to the surface through 
any adjoining well that may be left open for that 
purpose. It is submitted that claims 1, 2, 3, and 
4 define nothing patentable over the Wright 
disclosure. 

Claims 5, 6, and 7, and 10 define the marsh gas 
(paraffin) member as having “less than six carbon 
atoms” which means that it is one or more of the 
following: methane, ethane, propane, butane, or 
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pentane, which have, 1, 2, 3, 4, and 5 carbpn atoms 
respectively. (R. 45.) Inasmuch as Wright uses 
the gas mixture from the dome of the storage tank 
and as that gas contains each of these meipbers of 
the paraffin series, it is submitted that the^e claims 
define nothing patentable over Wright. 

In claim 8 the mixture is defined by the relative 
gravity, viscosity, and surface tension. It is how¬ 
ever the same mixture defined in the othei* claims 
in different or more specific terms. 

Claim 9 specifies the relative volume of gas and 
liquid. The compressibility of this gas is recog¬ 
nized by Wright in the statement that: 

One million feet of gas can be stored under 
pressure in the space of 50 to 100 barrels 
of petroleum. 

It is thus apparent that in the Wright process 
as described and practiced the proportions specified 
in claim 9 would result. Even if it were less (which 
is not admitted) it would be merely a matter of de¬ 
gree of a character that would not constitut j a pat¬ 
entable distinction. 

Claim 11 emphasizes the face that the “oil in the 
strata is subjected to the motivating action of both 
liquid and gas.” It is perfectly proper to assume 
that the propane-butane mixture that Wright ob¬ 
tains from the dome of the storage tank fofr com¬ 
pression in the well will act on the oil no dijfferent 


than does the propane-butane mixture that 


lant obtains from (not stated in the specification). 


appel- 
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Furthermore the gas and liquid mixture that 
Wright forces into the well and that carries the oil 
into and out of the exit well certainly has a moti¬ 
vating action on the oil. 

APPELLANT’S PROPOSED FINDINGS 

Appellant’s brief submits proposed findings of 
fact and proposed conclusions of law. 

It is submitted that the Findings of Fact and 
the Conclusions of Law (R. 8-9) adopted by the 
Court below should not be disturbed. 

It is further submitted that the findings proposed 
by appellant form no basis for a reversal of the 
decree herein. To specify in detail the objections 
to the proposed findings would in effect be to re¬ 
write the argument in this brief. A few only will 
be mentioned. 

1. The intimation that Wright operates with gas¬ 
oline or with hot gaseous hydrocarbons finds no 
valid support in the Wright specification. In lines 
73 et seq. it is stated: 

The gas in well B becomes liquefied by 
high pressure and by cooling means * * *. 

The criticism of the Wright cooling system can 
not well form a basis for reversal when appellant’s 
specification discloses none at all and the cooling 
step is not mentioned in any of the claims. Even 
if the brine circulating system of Wright is not the 
most efficient, any mechanic could make the changes 
necessary to make it more efficient. At any rate, 
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Wright shows some cooling means and that is more 
than appellant does. A mere reading of the dis¬ 
closures of the Wright patent and the Doherty 


specification should be convincing that 


teaches the process more fully than the Doherty 


Wright 


pressing 


specification does, particularly the com] 
and cooling steps. The query is what beqomes of 

i 

the “previously liquefied mixture” when it is 
pumped into an empty earth-temperature ^vell and 
the pressure that liquefied it is removed, and 
whether it returns to its gaseous state and remains 
in that state until the wells are filled tio their 

I 

capacity so liquefying pressure can a^ain be 
applied. 

CONCLUSION 

It is respectfully submitted that the Couqt below 
should be affirmed. 

T. A. Hostetler, 

Solicitor for the Patent Officei 

Attorney for Appellee . 

January 26, 1933. 
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